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AMTiACI
D-R. Parkinson
A rnngo of orgnnopbonphorus ooapounda with bioyolio ^  
trioyollo ongo ntrueturo« hns bMn propnrod and atudlao 
by n.n.r. apaotroaoopy. Ona and two-dl*analonal 
axpariaants bava baan uaad to dataralna obaaloal ahifta
and spin-spin coupling oonatants for C and H
nuolal In thaaa systsM. Tha data ara a noval and 
aubstantlal oollaotlon of raaults whloh ralata 
Intaraotlona batwaan P(III) and tha C and ■ atoM In tha 
norbomyl and adanantyl oagas according to thalr ralatlva 
positions«
Tha usa of W  n.n.r.. In particular tha shift
oorralatlon axparlnant and a nawly daslgnad SO 
CtP.H)/J(P(C) pulaa aaquanoa, has allowad tha naaaur^nt 
of otharwlaa Inaooasalbla short- and long-ranga couplings 
and tha proton ohanloal ahifta In both purs ocnpounda and 
In oonplax Isonarlo nlxturas« In particular It was
poaslbla to saparata proton and signals Into 
dlffarant fraquanoy dlaanalons and hanoa dataralna 
(affootlva) ohaaloal shifts avan In thaaa ooaplax spin 
ayataas. This faatura than aada It poaalbla to aaaaura
"jc’^P.H) and datamlna thalr signs ralatlva tovaluaa of 
tha oorraopondlng 
w«ra also appllad to tha study of P«H)
Slallar taohnlquas 
In
fluoronaphthalanan•
Tha valuaa of tha apln-spln ooupllnga J(P(III) - *‘C) and
J(P(III) - "c - H) ranga froa 0.2 - 60 and 0.2 - 20 Ha 
raapaotlvaly and a m  found to ba ralatod to tha 
alotronagatlvlty of tha phosphorus substltuants. In 
axo. ando or syn, anti laosMrlo palm dlffarant valuas of 
coupling ara found Indicating that orientational and 
oonforMtlonal offsets ara Inpcrtant. This provided a 
aathod for tha datamlnatlon of tha configurations of 
particular atructums. Correlations of dihedral angles 
with thraa-bond coupling constants showed tha axpaotad 
form of depandanoa In these rigid ring systans.
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a u v m  1 
nmowcTiaN
1.1 llatorlo«! BaekKrow d  to lD-11
Until 1*M, high rMOlutioa MOI npnetrn ««r« ohtnlnnd nlthar by 
■«Mplng th* angnatle finid or by nonnplng thn mdlo froqtmney oo 
oontlnoooa warn nnehlnno. In that yanr, dnmloponntn hy Imat and 
Andomon^ lod to tho ndroat of tho first aos-dlMnsloonl FOnrlor 
transfom (ID PT) M W  apoetroaator. This was ths bsglaalnc of a
slgalfleaat laprowoasnt la m  ssMltlwlty sad of tho possibility of
13 ISraaalng spootra froo lassasltlws aoolol (s.g. C sad N) oa a
routlas basis. Soon aftsr, coapotsr systsos worn dlrootly latogratod
Into ths HMR spsetrsastsr. This allowod a aoeh asm sffleloat way of
traasforalBg spootra sad also had ths sdvaatags of allowlag saapllag
by polso saeltatloa whleh gawo ths opportoalty to porfora dlfforsat
2 3pulso asquoaeos such an loagltudlaal sad traaswsrss rolsxatloa
noasursasnts, Drlwsn Iqulllbrlua Fourlor Traaafora (OSFT)^,
___ 8lasoasltlwo Muelol lahaaesd by Polarisation Traasfsr (IMIPT) , sad 
rapid seaaalng^ trains. With tho adwsaeaasat of sophlstleatod eoa- 
putor softwars la dlroct sad la ladlroet control orar aaay of tho 
spootroastor warlablos It than boeaas posslblo to uso M W  to study 
aaay of tho oloaoats la tho porlodlo tablo Including auclol with 
I > 1/3.
Tbs Borasi ID FT oparatloa coarorts tho tlao-doaoln Froo 
laduetlOB Dooay (FID) signal which eoaolsts of data points soparatod 
by a dwoll tlao Into a frsquoacy-doaala spoctrua eontalalag poahs of 
▼arylag latoasltlos that aro soparatod la frsquoncy duo to choalcal 
shift dlfforoaoos aad spln-spla couplings. Tho signal latoaslty
t(v) la a aaaattra of tko probability of tba oeeurraaeo of tha 
fraqaoBcy («) ralvo^.
la IbTl Jaaaar* first latrodoead tba Idoa of too-dlaaaaloaal (»- 
lnn)«baroby tbo traasforaatloa of tha MMh algaal la porforaotf with 
raapoet to too tlaa oarlabloa. Ihla ylolda a apoetroa ohleh la a 
fuaetloa of too froqaaaoy oarlablaa. Slaea tho proaoatatloB of tho 
flrat osporlMBtal roaolta la ltT4* a eonaldorabla auobor of proalala« 
taehnlquaa haoo booe darolopod to (oaorato 2D- apoctra of llqulda aad
aollda. Ihoao lacludo J- aad ablft-corrolatad^^ apoetroaeopy, and
11 13Bultlplo qttaatiaa eohoraeco aad cbaalcal oxehaBgo apoetroaeopy.
2D apoetroaeopy allooa a aoro detailed atudy of ayatoaa by alapllfl- 
eatloa of apoetra throogh too dlaaaaloaal aproadlag, and by a aoro 
eeaplato eharaetarlaatloa of aea-llaoar ayataaa. It proved lavalaabla 
la tho proeoat oork la vloo of tho eeaploslty of aaay of tho aoloeuloa 
atudlod.
1.2 Tho hole of yhoaphorua aa aa Aid in 2D-IM»
It la ooll kaooB that tho MKR toehalquo ean bo very uaofol la:
(1) provldlag ehoaleal baehboao fraaooork eoaaoetlvltloa aad (t> yloldlag 
atorooehoaleal laforaatloa for eoaplox atrveturoa. Phoapboraa la 
partleular kaa booa vary uaoful aa aa MUR prebo la aaay ayataaa alaeo 
^^P baa loot aatnral abuadaaeo vlth apla - aad la vary aoealtlvo to 
Ita oavlroaaeatBl aurrouadlaga.
Tho ala of thla thoala la to oaa aoao apoelal RMR toehalquoa to 
atudy tho effoete of oavlreaaoat ea eoupllag eoaataata aad ehaaleal 
ahlfta la orgaao-phoaphorua eeapouada ohoao apoetra have provloualy 
booa too eoaplex for dotallod oxaalaatloa. la partleular, rigid 
ayataaa of kaooa or ealeulablo gooaetry have booa ayathoalaod aad 
atudlad.
Ib tiM OBM o< prialtivB dliBOBinld »»IbobIbb aveh •« bleyelle- 
(aoiborasBM) M d  trleyelle-(BdaaBBteiwe) BtrBCtBrB«, pmblWB l» tkm 
•yatlMBU o* P«M OB^BBBdB fN«MBtl7 OOOUr BB B rMBlt 0( th* 
tOraBtlOB Of BiBtBTBa 9t  ISBMM <WO OT S Í » , •» * /•*  SMS. SSSt ■ 
<ipiBr-t OB BkBr« th# SahBtltBBBtS 11#). th# l#«Mr#. IB th# ##•#• 
«h#r# th#y #r# ##ll d#flB#d (#ltBBtl#M #»# *#• i* ■fclefc oh#»loBl 
■#p#rBtt0B# CBB h# Behl#T#d), m^r h#»# TlrtBBlly ld#BtleaI. #r raBdea 
bolllBC p#lBt# #r «BltlBg p#ÍBtB IB B pBrtleBlBT a#rl#B «f eoapavBda. 
AlSO. IdBBtltlOBtlOB 0( th# IBOMM 1# B BOB-trl¥ÍBl OhM^OBl prohl#«. 
B#BC#, hBViBg B phoaphor«# BBhBtltUBBt OB B portlOBlBr #lt# o t  
lBt#r##t #OBld •##■ a likBly approoeh to ald la thU eharaetorlBatloB 
BBd eoBtlnatioa of #tr«etBr#. lov#T#r. to h# ahí# to IdOBtlfp th# 
particular laoMr cbb atill h# dltflcult aa algoala arlalag tram th# 
cjelle atruetur# 11# wlthlB a Tcry ola## roa*# (86 ppa Ib th# ^*C 
NMI apoetna) aad th# addltlaaBl eoopllag t# pheophoma Ib thla oaa#
to th# dllflooltloa. l#BO# B SB-mR apoetra vould h# r#ry u##- 
lul tor th# BllorlBtlOB #f thla or#rero«dlB| prohlaa hy glrlac 
dlaparaloB la a aoeoad (ragUMMy dlMoaloa. Prarlou# #ork la thla 
ar#a has ooly ua#d IB-Wt. aad #t«b  thao data ha»# h##a lloltod aad 
akotehy, thua a hrlof r#»l## ahall h# uadortak##.
1.3 — aa Borhorma»#- aad AdaBaataao-Phoaihorua P#rl»atl»#a
Ib hlcyello-ayat#«# aach aa aorhoraaB# ahora la Structnr# l-[a], 
th# hoBda of th# ayatora ara llaltad to a lora of paaudorotatloa^ * 
•hora toraloa aaglas do aot #>e#od 14«‘®. Such syataoa coa tb#r#for# 
b# rogardod aa rlgld la th# proaoat eoatoBt. Systaaa of thla aort 
hav# thcrofor# hora atudlod U  aatlelpatloa of elarlfylag th# »arloua 
atarle iBfluaaeaa oa ohaaleal ohlfta. QuIb #t al.^ * ha»# oba#r»#d,
•ad It uem kaa b««B »«rltlad, that aad '*11 bucI«! oadargo
atarle nniiraaalnn «ffeets fres fuaetlOMl ■roupa la a ekaia. Thaaa 
bara baaa aetad lor bteyelle ayataea'^*'*, aad tha obaarratlOB of 
Y-atarle atfaets oa '*C ebaaieal ablfta playa aa laportaat rola la 
aaaicala« '*C ebaaleal ablfta la tba H W  apaetra of axo- aad aade- 
a-Borborayl pboapborua eoapooada'* aad la aya- aad aat1-T-aerberaaayl 
pboapboraa dleblorldaa'*. Qala at al.'^ baaa aaaaorad *'p ebaaleal 
ablfta la a iiiiabir of aorborayl aad aoiboraaayl darlvatlaaa baalap a 
pboapborua atoa la tba 3 or 7 poaltloa daaotad la Struetura 1 , aad
aoaa of tbalr raaulta aro glvaa la Tabla 1.3-1.
TABU 1.3-1 *'p Obaalcal Sblfta of 
Pboapborua DarlratlTaa*
aya- aad aatl-7-aorboraaayl
TiM nlifliTiil akltt 4iff«rMeM k«tM«i tiM paira of s]« aad 
looaors shown In Tablo 1.3-1 hawo boon aoeountod for In toms of 
rodueod storle erowdla« In aorln« fro« tko anti to tho ajQt eoaflgur- 
•tlon^*. Also In tho eaao of tho sza laoaor. It haa hoon proposod 
that tho nagnotle anlaotropy offoet arising fro« tho ¿-oihltal 
Intoraetlon of tho 3-3 doMhlo bond wowld oanao a shloldlag offoot on 
tho phosphoms. Qaln's^**^^ Intorprotatloa dlffars fro«
Ooranstaln'o^* axplaaatlon whloh rolatoa hood angla distortions 
(orlslag fro« a oonpllng of hoad aa«los to torsion anglas) to atarle 
eonprosslon of foots on and ^  ehsnleal shifts.
■ooowor. as shown In Tabla 1.3-1, this U  not as straightforward as 
It swans, as for tho -PHs, dsrlwatlvo tho wslnos for tha szn aad anti 
torM dlffor with rospoet to tha other thrao spa and anti Isonor 
gorlwatlTss. At proaont. Inch of data Is s najor probls« la gonoral- 
lolag osplaaatlons of this kind. In toms of apln-spla eoopllng 
eoastaats for hloyelle-phosphoms spotans, thors haws boon sons 
InTOStlgatlono'*'^*"** of '!k P,C). lowowsr, thsro doos not appear 
to bo a eooslstant ralatloashlp hotwoon ^J(P,C) aad atarle crowding. 
Por oaanplo. Quia aad Uttlaflold^* haws found atarle crowding pro- 
dueos a snail Ineroasa la ^J(P,C) for sja ps anti la P(IIX) dorl*- 
atlpos, wborsaa the opposite has hoon reportad la alkpl
phosphonatos. A aunbor of ganlaal *J(PC,)^*'**”** and *J(P,3) 
couplings la slaglp aad nultlsuhstltutod aoihompl spstans hapo boon 
raportod. Thoso saw« to aoeord with tho hppothssls of Lasslo aad 
aehloper’  ^that *J(P,I) doponds on tha bond angle rolatlng tho two 
atone P aad Z If oao disregards substituent oloctronogntlpltp offsets, 
though noro data aro nosdod to naks doflaltlpo statonsats. For 
*J<P,X) couplings a dihedral aaglo dopaadonco sosas assoelatsd with 
tho stats of hybridisation of tho phosphorus atoo. Pisase seo
Ckaptcr i  for bom laforaatloa ob tfcU. I> tk* cm»« o( adaBaatmM- 
plMMpkorna dBrivBtlvM, T«ry llttl« vork km» fc«—  pabll»k»4. loeewr, 
Cr«Blyvi$-Sl-“  »yBik«»!««* tk« ay»t«B 1-0«^, *k«r* B-mdaautrl. 
Tk»lr iBtarMt «m  BmlBly la tk« B<f«et et jkegkegrUtloB ob md»B«ataae» 
»ad BO NW det« eer« gleoB. Iob»«»«, oeaalderatioB« of po««lkl« 
reaetloB B»nk««li—  et pkeepkero« «ddltle« a««co«t tket aa adaaaataaa 
dlaar iataiMdlat« aap b« foiaad la ercaao-aatallle aad Frladel-Craft« 
raaetiaaa aa «keea ia ri«.l.S-l. Tkl« a«r»«a wltk aoggaatleaa of 
W. Bare» ot al.**, tkoo«b eoaflletia« BaekaaiaB« Bavo boae propoaod 
aad thoa thla ta aet a ooU aadarateed araa.
FIODBB l.S -1  A SasBoatod Maehmalaa for 
latarBodlata FOrBotloa
M
Uaor
M X
PRaX
PR,
1.4 W  >mr«— t«r»
Ib tklB tfcBBlB thB BuelBl atvdlBd by liquid Btut« HHd «fu ** 
i aad thulr auelMr yropartlM btu ahora la Tahlo 1;4-1.
TABU 1.4-1 Broyartlaa of tho 
of B.l TOala
alle Muelal U  a Blold Btrraqth
laotopa
Laraor 
Proquaacy 
la Ma
Nataral
Abradaaeo
%
■aqaotocyrlc
Batic
(lo’ rad"^  t"^  S)
■ftfMtle 1 
Mommkt 1
f
SB.SS 9S.SS IS.TO 4.S3
S4.M 100.00 SB.IS 4.SS
"p SS.10 100.00 10.S3 l.SS
«C 1 1 .so 1.10 S.Tl 1.11
196pt IS.SI 33.00 S.TS 1.03
for a partleular auoloua thara aro flra paraaotora «hleh eaa ho 
Boaaurod by tbo oaporluaat. Tboy aro: Choaleal Sblfta, Í. (1.4.1); 
Coupllat Coaataata, ¿  (1.4.B); Llao latoaaltloa (1.4.3); Spia Lattico 
rolaxatlOB tlaoa. (1.4.4); aad Spia-Spia rolaxatloa tlaoa,
(1.4.5). Paraaotora 1.1,3 aoraally ylold atruetoral latoraatloa 
oblio 4 aad 5 hlfhllght aapoeta of aoloeular aotloa.
1.4.1 Oiajrieal_%lfta iii
Wbaa a aucloua la plaeod la a aagaotle flold, tho aotloa of tbo 
aurrouadla« oloetroaa ladueoa a aacoadary aagaotle flold at tbo aucloua; 
tba dlroctloo of tbo aoeoadary aagaotle flold la uaoally aucb that It 
oppoaaa tbo appllod flold aad tbua It partially aerooaa or ablolda tbo 
aueloua iroa tbo appllod Hold. Tbo aaqaltudo of abloldlag of a par­
ticular Bucloua dapoada oa tba local oloctroa daaalty aad oa tbo
7
•laetroa sklal«la« fr«a tha othar parta of tha aelaeala. lack dlffaraat 
klad of ottelauB la tka aaapla »111 aaporiaaca a aagaatie flald tkat 
dlffara fro« tka appliad flald fcy a a«all mmomt:
■ (1 - o) o
tl.ll
ahara ■ la tka appllad «apaatle flald aad o la tba aoraaalag/aklaldlac 
o
eoaataat.
SiAatltotla« aquatloa (1.11 1«*«» tka Laraor aquatloa:
(i.ai
for tka praeaaaloaal fraqaaaoy *a obtala tka rasoaaaea eoadltloo
i m (1 - 0)o [l.S]
Dlffaraat ekaaleal aklfta arlaa tkaa fro* tka fact tkat tka aa«aatle 
flald aaparlaoead bjr tka auclaoa dapaada upoa Ita aaalroaaaat. la 
praetlea. lafor«atloa la raraly arallafcla to dataralao o, aa tkla 
would raqulra aoaaarla« tka abaorptloa of a bara auclaua atrlppad of 
Ita alactroaa“ . Howawar a rafaraaea eoapouad aay ba aaployad aad 
all eha«leal ahlfta ara thaa dataralaad aa a ebaalcal aklft dlffaraaea 
»Itk raapaet to tka abaorptloa of tka rafaraaea coapouad. For 
praelaloB, chaaleal aklfta aay ba qudtad aa tha raaoaaaea fraquaaey, 
2(a), at a flald atraapth aueh that tha protoa raaoaaaea la tatra- 
aathylallaaa (lia,81, W8) la at aaactly 100 MHa. Howaaar, la gaaaral 
cbMleal work thoy ara uanally quotad la ualta of ppa. Tba axtaat 
to which auelaar ahloldla« la aaaaltlTa to chaalcal aawlroaaoat warlaa 
greatly fro« aucloua to auclaua, but la ccaparabla aolaculaa, It 
uaually locraoaoa with atoalc auabar aa one doacaada aay particular 
group la tha parlodlo tabla“ . Tha Ckaalcal Shift raapaa of tha par­
ticular Buclal atudlad kora ara abowe la Tabla 1.4-2.
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TÄBLI 1.4-2 ChMiieml Shift Rm^ m  of RaeXol ttodlod
IlsBoat S Saago/ppa
1 1 16*
C • 600
r 6 1400
F 16 1000
Ft 76 16000
* ehsaleal sh ift raago aay bo oataadod
to 60 ppa I f  traaaltloa aatal eeapeuads 
aro laeladod*^.
1 .4 .1.1 laotofo Iffoets ob ShloMla«
Prlaory lootopo offoets <o.f.‘*'**S, ‘” ^ “ sb) hoto oot boom shoon 
to Roto o Bark od offoet upoB shloMia« ooBOtoato Tho ozeoptiOB Boy
bo for 1^, D, T, «boro tho aooa chaaga Is frootoot**. For aoot pur- 
poaoo. oueh offoeta eaa bo Igaoro«. SoeoBdory lootopo offoeto. l.o. 
tbooo «horoby tbo laotople boob of a Bolghboorlag atoo io ehaagod, aay 
hoaoror bo sltBlfieaat. Thooo ebaagoa aay affoet tbo soro-poiat 
aaorgy of tho boods, and la tho oaao of —  Traaaltloa aatal
boBdlag, tho traaaltloa aatal ahloldla« eaa dlffar by aororal ppa 
■oMTor thla klad ef offoet was Igaorod la tho proaoBt work.
40
1.4.1.2 Thoory
Ab oztoaalwo aad dotallod atody of hoawy atea ehaalcal shifts
41 ^has booB proaoBtod la a aoaograph aad la a aoro up to dato aurwoy . 
Haro oaly a brlof suaaary of the warloaa fsetors lafluMtelag phosphorus 
ehaaleal shifts la glwoa.
A hoavy atoa chaalesl shift results frea tho suaaatloa of shloldlag 
AS 44eoBtrlbutloBS glwaa by Raasoy la the oguatloa
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o . od ♦ op ♦ o (Mlfh) Total
(1.41
Th. dloM fM tle t . »  ^  » ! • • •  * « »  - o f t l o -  ol .l.et>CM  rtoot 
th . «uclw . « d  th . p.roM «M tle t«i> (oj) o r i . . .  * « *  th . h lad m « . 
ol th. r o f t l o .  . 1  .l.e t> .M  -Kh.t th . >«>l«u. U  . .  o P T ll-  -N O -tle  
l l . l d .  A. thoy both of . lo ilM  -M ^ to d ., - . U  cho«fW 1» .l th .r  
e u  mttmot th . total shialdla« owtribotloo. A lu  .la c .  th . total 
.blaldlag ooatrlhutlo. la dopoadut apoa th . . « u t  ol a il  t . r u ,  oa. 
eauiot t r u t  u eh  t o u  a lo u . U  thoy ar. u t  oatoallp u o l u l u .  It  
1 ,  aaouod. houTor that th . a l  oaalfutod,
• la c . It  la aaou lat«! .I th  tho la u r  o lu tio aa ol th . a t u ,  .hleh a u  
l l t t l .  a llu ta d  by ehaagu la  hudlag**. Thu lor th . o u t  part, 
u r la t l o u  la th . ahl.ldlag o u tr lh a tlu  o u  iu .r a l ly  h. ao u  for th . 
phoaphou. ato. u  halag doalaatrt hy 3 .  (*• a u u t l u  poaalhly
oeeuu lor t .tr a h r tu lly  uruoadad eaau .) Thla 0£ a l l u t  w ill  
p u d u . a ahllt to hlghar luqoaaey. la  llghtar a ta u , aoch u  
h y d u c a . th . dlaaagutle t a u  play. th . a o u  laportut u lo .  Th. 
third t . u  fo t u la h » . ohLldlag Iroa oth.r ulghhourlag atoaa. la  
uuatloo (1.41 la lu lu d rt b u a u u  th. dloaMO^tle aad th . p au aagu tle  
t . r u  d l l l .r  lor d l l l . r u t  au cl.l la  th. . a u  u l u a l . "  d». to u  
u o .ru  d la trlh u tlu  ol o l u t u o  d u a lty . Thl. aay . « u t  th . o u r a ll  
OhLldlag e u tr lb u tlu . Th. o u u l l  c h u le .l  ahllt la a l l u t r t  hy 
ehuigaa L  o ih lt .l  or.rl.p  u d  hy h y b r ld lu tlu  ehugaa. u  u l l  aa 
by ehu«.a 1. th . au rag. a l u t r u l c  . . e l t a t l u  .u r g y , .11 o l rtilch 
a u  cutalaod 1.  th . parM »g..tle t . u « .  Thl. 1.  gira, hy u - t l u «
(l.»l!
OP ■ i * *
(l.si
3a e
U.r. <r’*>,p *0 *•“  ***• “
oultala; Al,,, la th. aura., alutroalc .«eltatlu .urgy; u d  QAB
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//
la a fttMtloa of tha ekarta bond or«ar batvaaa tka tac atopa A aad B 
and la kaewa aa tlM ortltal oabalaaelac tan. Tfcla thaerj gaaarally 
aeoounta toe aajer tranda 1> a partlenlar elaaa ot pheaphona oo- 
ordlaatln 1» a ehaaleal aUlft raa«a. TaBla 1.4-S lllaatntaa thla.
F»r a flaa« oo-ordlaatlOB anbar eartala pattana de narca- Thua 
toe di- aad trl-valaat phoaphenia eaapiMnda eoaaldaratloa oí oaly a 
aad £ ofbltala aeoM aaeaaaary. For F(III) eoapeoada tka loaa palr 
alaetroaa play aa lapartaat rola (aapaelally for totrahadrally aurraoadad 
atoM)**. roe Ktf), F(F> aad P(»I) ataaa, d alaetroaa play aa 
lapartaat rola aa thay atraa«ly daeraaaa tka paraaagaotlc akllt eeatrl- 
batloa aad kaaeo a aot laaar írapaaaey aklft arlaaa . taall »arlatloaa 
vltkla a elaaa praaoat a moro eeapllaatad preklaa , kot «aalltatlro 
ralatlaaaklpa ara paaalkla. Orla at al.*^’** kaea aatakllakad a 
ralatlea for aaplrleal eorralatlaa lar P(XII) aad P(1F)>
■ITOB ky tka ■oaaral aqaatlea; 
a
«-Í [ 1.01
«hora K la a partleelar eoaataat far tka phoaphlaa elaaa aad e^ la aa 
e^ltl«« eoaataat «hleh eaa ka ealealatad far a partlealar B group. 
Takla 1.4-4 llluatrataa thla ralatleaaklp.
TABLB 1.4-4 iaplrloal Carralatloaa lar Varlaua B greupa*
B group oP
CH. 03
4-14B 5
UftC,i4 ♦IT
V s ♦IB
♦17
• Takaa from rot. 47,4$
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AIM Qul> *t «I.** auccMt«« tfcmt •t.rlo «<Mpr«Mloa «ttMta «r*
Op«r«tlM O. phMpkorO. th.y a m  M  ‘*C M d  ««Cl.l MCMdlMS
of tn- or totrm-co»mlo»ey. Tho ckortlc.l oliift -ay bo eale«latod
by Bqiiatloa [1.7]
• C(parMit) ♦ «e ♦ *T (1.7]
Ohara ■ la tha niMbor of 6 earboaa aad a la tho aoobor of y earboM.
Aa la apoetroaeopy, «boa a protoa la roplaeod by a aoeoad oarboo 
a doahlaldlac (a] offoet la fouad: ostoaaloa of tbo ehala by addltloa 
of Motbor earboa glroa a furtbar daablaldlag (g> a ffM t; aad addltloa 
of a fortbar carboa glroa laataad a abloldlag (x> affa ct. Tba 
of fact la aot wall uadoratood, bat tbo ^.-affact la asaoalatod altb tbo 
offact of tba boadla« o carboa. Tbla x -a ffM t la aald to ba asaoelatad 
altb atarle eoopraaoloa of facta*®. *a asaaplo of tbla pbiiit cam
ba aaoa by c o ^ r la g  tba poaltloa of tba olootroa pair la  P(IIl) dar- 
Ivatlroa abara tba unbound oloetron pair la la  aa Mllpaad or ataggarad 
poaltloa. Hoaavar, baeauao of tba rarlatloao of bybrldlaatloa 
aaaoclatad altb  pboapborus boadlag, ableb aay larolaa alsod a, £, aad 
d orbital partlclpatloaa, ao orarall alaplo pattaraa for a ll  P cbaolcal 
ablft cbaagaa wltb aubatltuaat alactroaagatlrlty or atruetural ebarga 
haro baoa fouad aa yat. Ualflad tbM ratlcal troataoata for a ll  
claaaaa baa boaa attaoptad*^"“^. A raaaoaabla approMb ualag «luaotua- 
Bocbaaleal calculatloao baa baoa daaoaatratad by Latebor aad 7aa 
Vnoor* .^ la tbla tbay daacrlba tba ebaaga la ebaaleal ablft dlffar- 
aaeaa (4¿) aa tbo aua of: tba dlffaroaeo la tba alactroM gatlrlty la 
tho P^X boad (AX ), tba chaago la tba *-alactroa ororlap (Aa^), aad 
tbo obaaga la tba o-boad aaglo, ( ^ .  Tbla la aboaa la Iquatloo (I.«]
(1.8)
abara C, X aad A aro constaata.
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1.4.s
iBtoraatlOM Balaad fr M  M B  a»!*-«»!* eoupllM ooMtaat« oft«« 
ooivlMMita aad «rt«a«a ttat «hteà eaa b* «athar«« iroa stadiaa o( 
m n  ebaaleal ahlfta.
Slæa ail aaa^ l^aa ara raa aa aolatloaa tha rapid taabllag o£ tba 
aolaealaa ararasaa tkalr aaelaar dipelar lateraetioaa aad heæa tb# 
aagaatle dlpole-dtpole ooapllaca te maro. Tbaa tha eoapllapa o£ 
eoaeara bare are tba ae-eallad J-eeapllaga ablcb eccar wbea tba aaelaar 
aplB iBteraotlea la aedlatad bp tba alaatraaa a£ tba bead. Tbla la aa 
ladlraet lataraetloa batwaaa aplaa a* aalgbbaarlag aaolal: tba latar- 
aetlaa la ladapaadaat al tba aa«aatle flald atraactb aad la aaaaarad 
la Berta (ar epelaa/aae). • Oar prlaary lataraat la la tba oaapllaga
"j<H.B): “J<B,»>! “J(C,W aad “jiB.F). abara a.la tha aaabar al
latarraalac baada.
1.4.1.1 tbaaratlaal Baokgrauad ta a Coupllag 
lataraetlaa 'J*
Aa tbla tapie baa baaa aabaaatlraly dlaeaaaad la rarleua rariawa 
43,4S,46,SB ingiy^igg tbaaa al Oeraaatala** aad Bawalaekl**, aalp aa 
overvla* wlll ba uadartakaa bara.
SplB-apla eaapllac eaa ba eaaeaptuallaad bjr tha Dlrae Vaeter Modal 
1er tha H-D aolaeula ableh aay ba axtaadad auparllelally 1er aaat 
attelai abara tba tao anelai A aad B ara llabad by a dlraet baad. 11 
tha aaelaar apla al A la orlaatatad parallal ta a partlenlar dlractloa, 
tba alaetraa aaar A alll taad ta allfa Ita apla aatlparallal ta It daa 
to tha palrla« al aagaatle aoMBta. Aa tba Panll aaelaaloa prlaelpla 
atataa tbat la aay orbital tbara eaaaot ba tao alaetroaa altb tba aaaa 
qnaatua anabara, tbaa tba otbar alaetraa al tba baad aaat bara tba 
oppoalta apla arlaatatloa. Slallarly, aaelana B alll taad to bara Ita 
apla allBaad aatlparallal to tbla aaeoad alaetraa, aad tba oaarall
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M m lt la t ta t  M elai Ä Md ■  »Md to taee tfcol» oplM «lH-dd M tl-  
p w e llo l/  Tkl. le  t a o "  ee tho «ì m ì  oootMt m c M oIm . Tbo 
eoopUoc ooM tM t la tko dlfforoMO botoooa tho too oMrgjr atatoo
andai/ J O»// aod/»d u  tko abaoMio ot tko oa«Mtle field.
(Ploaao aoo aoetloo 1 .4 .1 .« «1«m  of Oaoplla« Ceoataota.) » o  ooo- 
t lc r o t l o .  oft» tba loooat ooor«y o l i i  ko okan tko r,l»a ara ao tl-  
porallol prooldod tkat tko eeoplla« eoaataat la pooltloo. Tko M a r n  
of a flooo latoraotloo kotooao aoelol à and »
ohoro J<A,1 ) la tko eoopU»« oooataot kotooao tko too aoelol A and 1 ,
•nd i l a  tko aaeloar apla of A aad of 1 .
Tkla oodol prodieta tkat a il  oooplla« eeoataata o l i i  ko pooltloo 
If tho oa«aoto«yrle ratloo aro poaltloo, tkoo|[k oaporloaotallp aeoo 
aopatlro oalooa karo koo. fooMl. For 1^ . '*F . ” c . -«»loi tko 
«goo tle  «>oo.ta u d  th . a-golar -o -M tM  aro 1« tko aa-a dlroetloa 
■ ad the -afaotocprle ratio, x poaltlro. looa otkor aoelol aoek 
a. « P  haro a aogatlra x- H -e -  tkoorotleal oaproaaloaa for doaerlklac 
j(A ,l) laclado tk . -apiatofyrle ratloa of tko too « « lo i  aad tk . oloc- 
troole oarlroMoat of tko c o ^ M  aoelol. a rodoeod cooplla« eoaataat 
‘ a ■ *' ** POAltloo or aofatlro la proforrod ao aa to roaoro
tk l dopoadoaeo opea ladloldoal aaeloar proportloo oapoelally ohoa 
•.aalala« eooplla« coaataata okoro alaod (poaltlro aad aotatlro) x " •  
larolrod. It  la tlreo ky :
_ 4»*J(A.D 11.10]
« . aro latoreatad la aoa-rodoeod eooplla« eoaat«»ta aa .1 1  ao el.l eoa- 
eara«l koro kare poaltlro x- «pla-apla eooplla« la a .«»oad-ordar 
•loetroale property of tk . «»localo aad koaeo aoktl. cfcaa«.. la  .arlroa- 
aeat aay ckaa«. tko ororall eooplla« eoaataat. Porturbatloa
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^  ____ _ MOkMlMl kaadli*« «r* »»•pproslMtloM « d  • »«•*«■ ■•OB»»»»
B, .— T“  • * «  • « - r t l . 1  t»Bt».t .» m  - B  -ol*-»*
^  B, , « ^ X X "  t. X » X -  .OB» X.t.«.tX0» B, »X.. - - -
>.*tBBr trMtaMta •»• By torpX«* *“**” ®“OritltBl tB»ry. fwrtB.r t r » w » » «
^  »»1. .t Bl ”  » I M  OB* riBlt* f.rt«*B.tl» 
tV.l«e.*»dtB*«y). —
. I.t.».di.t. B M l - t  .* M«»o.ti.X 0 » r X M  t»B.iO. < m -  
,*„0,. BIX OB»- - y  B » -  -  tB. X.UXBX
“ “  “ • ■" “  “ *
.w ----------- --- •“
.«.»1 •' «“  ~  ■
„ ^ 1 . . -  « « •“  ---------- *
.,» .,u — «
,«1».« «• “ * •“  ““ *
.4»— •*••* laelttdlBB tBo» for pBoopBoru. th» 90% of .plB-.»l. lBt.r.etlOB. lool«« »•
w  «  •> "  ”  *“
rwloeod oo«»llM eoB«t«Bt. *• “  **
• l » t r « » « . t l -  . l o » - t .  pBo.pBor». tB. « - W  of - y  »Bo 8. ort»lt.
1. .»OB tB.t .IC CB»,.. IB tB. 00-BX1IÌ« a^<P.W - y  occur
*Br«..B offot. o. BOBd ».yUBPX.. B o t » »  • orBXt.X. producod By 
.aB.tXfu.Bt OB»... B. tB. y.»X cOBt.ct tor. d - p . -  »P<- tB.ro 
B.X.. . fXBXt. .X^troB d».Xty Bt tB. .-cXou.. . .X»tro» co.trXBut.
to Xt. - . . r . -  £ 1 ‘  "
.UCX.U.. do » t .  TBX. tB »  X. roforrud to »  tB. .-c B .r .c t.r  of tB.
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ort.lt.1 « . ^  f  fo« . p-rtle-lT It f l i c  *ro. thl. ttat »
l.er«c 1- th. i-el«r.ct.r 1. c o c U t ^  1t h  u  f o r e
1. th. c c l f f  o c t e " .  It C l d  b. .t.t1 that «  H d  i- 
..eh.rMt.r M C f t l  1 th o m  m H H * '  bol t. «  .to. r C o o .  tho 
..eharMtor U  th. oth.r b o C .  » c  . - o h e t o r  1. i t  e c t o d  hot 
1. iroly t e f  rid I d  l«»11id dotwdUs .»e. th. p«rtle1i 
.l.ctro.lc .«1 1 p>r.tl.i U  • l i d . .  tb. .-«h.nt.r of tb. 
orblt.1. Ol d  M  ft. tb. bid U  d C i d d  by th. hybrldlitlo. 1  
•toi P I d  X I d  th. . l i t w d t l l t y  I d  b.lh o* th. C t l t d . .  
in trl-il..t ph..ph.c c p d . th. .litro. p.lr 1. bollori" to 
„ccupy .. orhlt.1 1 t h  high . - o h c t o r  i  th.t th. .-«h.ct.r 1. 
dr.i . ~ y  fro. th. c t  of th. d t l t d .  r d t l M  1. d l  ftor- 
bond Iglò. H o b  rofloot th. o m  of i f l J  Jt orbit.l.. A. tho blhl- 
.... of .Uhotltd. l o o r o c .  th. p o r c t  . - « h c t o r  of th.t P-X 
bond l i r o c  I d  hie. th. l.t.r-bo1 d *  H I  H d .  1t h  • 
concltit l i d  1. "J<P.X>. •“  . I t i t l c  o i  b.
nceountl for by thl. Idonllid o o i l t l i  i  otbor fitor. Ill 
Intorno for .pilfle i c i o * *
1.4.1.a Sign, of Coupling C o n d t .
Wh.r.0. • nilonr .pln-.pln coupling i i t i t  J(A.B) 1. n i i u r .  
of intornctlon I t n n  . P«lr of «toi. «  boiror iy or iy i t  b. 
dlroctly r o l l i  to th. otngth of th. chilli b C  or bond, 
m v o i n .  A. o n p l i .  - «>-«>
. b n  in I t n t u r .  1 H  th. ^J(P.C) 1. nt 10 In th. i r .  .fbl.
triph«nyl phoiphl»**
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Vor th* atrMtw* J(».C) - 14 l> «>4 «or «o,»
J(P,C) - M  lo“ . tliooo ■Moloc dlooropoaoloo orlo# boemMO tbo 
eoopllag eoaotaat la aada op o< aoraral lar«a t o M  o* oppoalta atgaa 
•hleh >07 gira a a«ll oo>. thoa a aaall ehaaga la a tai> eaa eira 
. ca-paratlralp larga affaci e. J .ad aaj laad la a «haaga la Ita alga. 
a, ««Matlaa a paaltlra aaapllag aaaataat la daflaad la aecur ahaa 
tba aara atabla alata la tbat wlth tba aplaa af tba caoplad acciai 
■llgaod aatl-parallal. Tbat lo aban tba o6 aad «a ara af locar aoargj 
tbaa tba M  aad M  atataa la tba abaaaca af a aagoatlc «lald. Tba 
datarolaatloa af tba a»aoluta algaa af coupllag ecaataata la dlfflcult 
•ad raqulraa tba oaa af aolacolar baaa aaparlaaata or crlaatatad 
Mlaculaa. A raaaraal af tba algaa af all •« tba ccapllag coaataata 
la a ayatw bai ao affact at all upoa tba appauraaca af Ita « «
■pMstroa. Bocarar, 1« tba apMstraa baa aacoad ardor foataraa. 
raaaraal af som  cf tba algaa af tba cauplloga oap abaaga tba appaaraaca 
cf tba apaetn». lalotla. algaa caa oaually b. datarlaad al. doabl. 
raaoaaaoa tacbalqua. by ral.tiog aad coparlag tba> ta a coupllag ablcb 
baa an rt>«>luta alga. A auabar af tí»«»luta alga, af coupllag coaataata 
ara coll aatabllabod aad tboaa ablcb partalo to tbla tbaala ara llatad 
lo Tobia 1.4-S.
TABLI 1.4-S A Salactloo cf latabllabad Slgaa af Coupllag Ccaataata
Coupllag Cooataot Abaoluta Biga
^J(^*C,4) ♦
^J("p,^B) ♦
♦
^J<«“pt.*'p)
J^(^ ’c,^ *P) -
J^(»'P,‘*P) -
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Tb« t  « U m  «f « » » U M  o«Mt««t. «•> »• «f «lacMtle
T,lu« 1. dr««lx e o M l M l o u  «b<Nit «l«etr««lc eo«<lcitr«tlo> « d  po«ltl«». 
For « n M l «  « M  *J<” »,‘*C) ottmm h««« «f»o«lt« «IgM
«b«r«M tb«ir aagMltiid«« M y  b« «lBll«r**.
1 .4 .1 .3  »oixmt tff««t« o« OoupllM CoMt««t«
Tb« ««MitiTlty «f »rot«« ea«pUM4> ««»«cl«llF b«t«««« » ««4 ■ 
Buel«l. to tb« ob««« «f «olxbt b u  b««B k»«w» for «o m  tlx. tb« 
BBtur« of tb« «olTMit 1« («««rally «or« iaportut tbui tb« cooc««tr*tloo®. 
Tb« T«rl«tle« «f ooopllM« •««■• to dopoad oa (1) co-ordla«tio« (for 
«.«apio pboopbOBlaa eoxoaad« «r« aor« «uoooptlbl« tbaa pbo.pboryl«t«d 
eoapouad« *^*) «ad (t) oa «olvoat polarity (pyridlao eaa««« (r«at«r 
•«aaltlrlty tbaa eblorofora or «cotoa«**). Cblorlaatod «pool«« ■«•« 
to prodoe« a (roator ««oaltirlty (porbapa da« to tb« polarlaabllity of 
tb« oblorla«) tbaa «oa-cblorlaatad spaelaa. »or «aaapia CljiiOClj 
ba« J(P,1) «f 15 ■« a« a ««at liquid «b«r«a« 1« a 50/50 eyolobama« 
•olntloa J(P,1) 1« 15 *1«> daallM »Itb L««la acida aad
baaaa, coxlaalM eoatributloaa auat b« takaa lato aeeouat. Coaplaxlx 
babarlour la «zpoetad to produco tb« aaa« «ffoet a« laeroaalx d»*- 
atltuaat «laetroaafatlrlty. To a loaaor «atout 'jiP.O eoopllaca 
«ablblt «olroat «ffoet« tboufb It 1« difficult to aaaoa« all of tb« 
factor« eoatrlbutlM to «ueb alaut« «ffoet«.
1.4.1.4 ^J(A,1) Oaa-boad apla-apla coupllay
»baraaa ^J(P.l) «««a« «l«ay« t« b« poaltlr« «ad rari«« froa «bout 
100 to 1300 H«. otbar P-I coupllM «<»«taat« rary orar a «lallar rea«« 
but eaa b« poaltlr« or aofatlr«. Tbl« babarlour baa b««a ratloaallaad 
la tara« of tb« Forai ooatact latoraetloa. for totra-co-ordiaat« 
pboapborua apoeloa tb« pboapborua bybrldlaatloa la uaually roaaoaably 
eloaa to «£* aad tba bobarlour la aot ualUo that of carboa la a
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.W U r  MVlnMMBt. U  » .r tle -U r , thm MpMt«d «MUtlo>Sl> rMpoM. 
t .  c k - fM  ! •  - d  M .11 ek»«M  i .  tk .
¡^^TMCfT ot tk . o f k l t a .  M . tcm*. f c ^ r .  ior 
pkoavkorw « « k  of tko o-okonetor lo ooooolotod wltk tko oloetNo  
lOBO p oi' U  oooplUao oo» orloo l»oo eo^poro-
tlToly oMll ooloeolor eksa«oo.
I.4.I.* *«*#■) OooUol aod WoUol
Ooopllo* Cooatooto
«koro opla-opla lotoroetloM oceor ooor «oro tkoa ooo kood. It lo 
Mcossory olso to loolodo tko proportloo of tko UtoiMdloto otoM.
If .0  uoo tko oloplo 0001*10 of Cl, ood eoMldor tko ‘j d . W  ooopllo» 
ccotoot ol. tko corto., l-d.- U -  of >«11-0. »atlplleltp ototoo 
tkot tko too oloetroM ooorost tko corto- oto- olii t«id to kooo 
porollol opl«. ofcllo tko oploo of tko oloctro-o ooooolotod oltk tko 
too kydrtfoo oto-o Olli fco dotoi-lood fcp tko Pooll Prloclplo o-d tko 
p.«l cootoct lotoroctloo. Tkl. tko. olii -oo. tkot tko ototo oltk 
tko loooot oMFcy Olli bo ohoro tko too P r t to i-  kooo porollol oploo, 
tfcuo »lol.« o oofotlo. TOIO. for *J(1,1). Ii*orl-o.toll7 tkl. 1. 
tru. for 0 t.tr.l*dr.l corto, ote b«t *J<1.D c«i t»-«- l—  
u  tko corbc-X b e d  iMrooooo 1. o-choretor oltk .letrooo«otlro 
nbotltaooto tkroock kybrldlootlo. offMto, e d  e p  oro. bo pooltlro. 
For c - l e l  c p l l M  l.rolrl.» koorl.r o t c  o e h  o. pkoopkor«, th. 
ate tmmia to coMootroto or polorlM o-choretor 1. bood. oltk er. 
olMtrepooltlro «roopo (Wolofc'o fcilo). tkl. lo ooll do-orttrotod by 
p«ito-co-ordlutod coopoedo oltk dlfforoot hybrldlootle. For «io*>lo 
t. Structuro 3:
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• • +
3 3P ap
4 .‘‘H K M )  algM of eoaplta««:
•traetor* 3
It la aaeaaaary to roallao tl»t thoro aro aoro orbitala to bo 
takoa lato aeeouat oa tho phoophoroa aad oa tko earboa atoaa, aad tbo 
•ftoet ol tholr aabatltaaata aoat bo takoa lato eoaaldaratloa afcoa
aatlaatlap tko alga and aagaltado of tko eoopllac ooaatoat. Tko
71atorooapoelfleltp of tao boad eoapllag eoaataata la alao a faetor 
ahora d a  aad traao looaora aro poaalblo. tko traaa laoaaro gooorallp 
haao largor ooapllogo. Thla eaa bo aatoadod to n o  
ara aad aatl laoaora. la phoophoraa (III) coapouada, tko aaallor 
coopllag eoaataata foaad far oado laoaora aro attrlbatod to groatar 
roatrletloa of rotatloa aroaad tho F-C bmda abaa tko loao pair la lo 
aa w  poaltloa. Io tlghtly boiiod allphatle ayataaa, aorboraaaoa far 
•zaaplo, ahora gaalaal aad alelaal eoaplloga oeeur, orldoaco la 
aoeiamlatlog tkat eoupllaga batoooa bydrogoo aad aa olaaaat of tho 
flrat or aoeoad roa (o.g. *J{«,C), *J(«,F) dapoad oo tho appropriato 
dlkodral aaglo la a alallar aay to tha aoll atadlod ^J(l,l) eoupllag 
la othaaoa^*. Thla rolatlooahlp haa booo aatoadod to otkar olaoMata, 
for oaaaplo ”  ‘^*8o ^•*lg’*. Aa oxaaplo la tha dopoadaaeo
OB dlkodral aagloa * for ’j(P.I) aa glaoa by tho Karplua-llko oqoatloa
(1.11):
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A 4' B eoa# * C eoo3# tl.llj
ahora A, B, aad C aro eoaataata dotoralood for partleular ayataaa.
Thoaa rolatloaahlpa aaoa dopaedoat upon the partleular elaaa of eoapouad
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•ad •• yat ao «aaaral ralatloaaklp kaa aaolaad otkar thaa that for tha 
Tlelaal eoopltag oaaataata akara a alalaaa la fooad to ba aaar 4 “ 
90*^*. It alao ay^aara that thara la a eorralatloa batwaaa *J(P,C>
•ad Plaaaa aaa taotloa 9.3 for fartbor asaalaatloa of thla
ralatloaahlp,
Iho latrodoetloa of aloetroaacatlaa aabatltnaata affoeta tha 
coupllag eoaataata aad a alapla aquatloa for ealenlatlag tha eoapllapa 
•aaoelatad with a rancha orlaatatloa la glaaa by aquation [1.11]:
J, , - « 0 a 1«, a I^) [ 1 . 11]
abara aad X^ ara ahoaa by tba Waaaan projaetloa la Fig.1.4-1.
H
Pig. 1.4-1
Tabla 1.4-6 glaaa rapraaaatatlaa aaluaa of offaeta for alaotroaagatlaa 
groupa X^ aad X^ for dlffaraat groupa. Tba traaa-orlaatatad eonpllag 
la uaually obtalaad by oaaparlaoa with a eoapouad of flsad eoafomatloa.
TABU 1.4-6 Bffaeta of IlaetroaagatlTlty oa Coupling Coaataata
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1 .4 .a .«  U>M ru g *  CoapllM  CoM taats
Ib *  ao-eallad rasga ' iatarprotoa etM^liag la  «aflaa«
7 «
eoapllag ba 
■agaitaáaa
protaaa aaparata« ky «hra# Typleal
to a illy l la r fo r
or r te la a l eoapllag ■taata.
•ta la  la  or • t a ille  « a r lra tlra a  haré a la reportad.W
•tkoda e f e a le a la tle •t d lfta r  la fe r ahort
raaga eaopllag eoaataata, hoaaror 
la « « lrla g  tha rarloua alaetro aa « i
o f aaparata la ta ra e tlo
la ta •lag
aldarad. Thaaa hara a eh arao tarlatle a ta rle
a laetro a le  «aetora. For ■pía, leag raaga eoupllag ■taata ara
llk a ly  te  be a lg a lfle a a t I f  tko la to ra e tle a  pathaay la
7« la  abean la  Struetora 4. too typoa of
fer B-C-C-C-C-g
Stn ietu ra  4
leag raaga la ta ra ctlo a  la ro lra  <1) eoupllag r ía  tha w -aloetrea fraaa- 
aerk la  oaaataratod ayataaa (o-w eo aflguratlea la to ra e tle a ) aad (S) 
eoupllag aeroaa four a la g la  boada. Tbaaa traataaata  pradlet atarao- 
■ paelfle patbaaya fo r a ffa e t lra  eoupllag. le a a ra r, aay p a ir of 
protoaa or groupa of protoaa la  a ra a l aoloeula mtf la ta ra e t a la a lta a -  
aoualF ^  aera thaa oaa path, o lth  tha ra a a lt tbat a e ta a lly  obaarrad 
eoupllag eoaataata aay be tha algébrale aua of tba lato raetleea  
axpactad fo r aaeb aaparata pathaajr.
Zi
1.4.3
FM tor« «kiek e< f«e t 11m  la tM w ltlM  1m 1«4« MS « f fe e te ,  11m  
« 14tka, l lM  ekaf«, rn le lac r « tM , e te . e»4 «M t  k « eoM löend  «kan 
nni^erlBf l lM «  ek te lM « ! •  4 1 ff«M «t  apM tr* M ia r  a la lla r  eea iltloaa .
1.4.4 and 1.4.5 fte lM iU M
RuelMr ralasatloa r t m I í m  tka MokaalM  1er tka M «M t le  aoela l 
to loM  tka aMrty acRulrad la  tka MW a*MarlM«t. Tkar« ara t«o  
M jo r  Mekaalaaa o l ralaaatloa. Om  la  «kaa tkaro la  aa M takllakM et 
Ol tkarM l a qa lllk r lM  katoeaa aa aeeeablage o l aM lM r aagMta wltk 
i l l la ra a t  «aaatM  aoakara (aoeloar M «M t lM t le « )  aloac tka aa«M tle  
H a l i  aa l«. Ik la la  tamed L e a « lt « i lm l Relaaatlea aai daMtai fcy 
1ha aaeeai oeeura «kaa tkar« la  aa asekaaca o l  aMrgy kataaaa 
t«o  apla ayataa«, lo r  waapla kataoM tka apla aaarg lM i la  tkalr MW 
abMrptlea prooaM aa i tka aalfkboarlac aaolal peaaaaalac a M fM t le  
Maaat. Tka aaaoelatad ralaaatloa t lM  la  kaoaa m  tka Mpla-ipla 
Halaaatloa TIm  daM tai by T^.
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l.S Th» la Datali
llgk raaolatloa aaelaar aaaaatle raaaaaaea spaetroaaopy la aoa
aaaally aeoeapllaka« bj oparatlB« la tha aalaad Faarlar traaaton aoda
(rr-MR). ThU la aehlava« by asla« a blfb-foaar radio fraaataey
palaa af abort daratloa ableh la aya^«^ ** aaayla. Tbla eaoaaa
a traaalaat raayeaaa aad glaoa rlaa to tba fraa ladaetloa daeay (FID)
la tba tlao dooala. Tba FIO la aaaylod aad la atorad la tba eoapa-
tarlaad data aeaalaltloa ayatoa. Tbla FID la tara la Foarlar traaa-
foraad oaeo altb raapaot to oaa rarlabla aad ylalda tba aoa faalllar
froqooaey doaala oaa dlaaaaloaal (ID) apoetroa. Altoraatlraly It oaa
ba dooblo Foarlar traaafoiaod altb raapaot to too rarlobloa to ylald a
tao dlaMoloaal (U>) apaotnaa. Tba oaparlooat aay ba ropoatad aaay
tlaoa to alloa algaal aToraplap aad to laprora opoa tba oltaal-to-aolaa
ratio of tba aboorptlooa la tba FID.
la prooaat IMI apaetroaotara, abara oo-ordlaatloa of all tlalag
aad pbaoa ebaagaa la oador ooftaora eoatrol, tba applleatloa of aaltlpla
■ F paloaa oaa ba laplaaoatad aad uoad to Mbaaea raaolatloa aad
olueldata partlealar pboaoaoaa. Maay authorltatlaa raalaaa baro baoa
SSpravlooaly prorldad, aad aapaelally opplleobla ara tbooa by Shaa
Haaeo oaly a brlof
aoaaaary of oaa-dlaaaaloaal aad tao-dlaaoaloaal thoory alll bo uadortakaa 
baro, aad tba daaerlptloa of poloa aaquoaeoa, for tba aoat part, wlll 
ba of tboaa ableb aro applleablo to tbla tbaala aad ohloh ara ooafal to 
orpaaopboaphorua obaalatry.
Ouatbar^*, Turaar^*, Boa*®, aad Braat at al*^'**
1.8.1 Oaa-PlaaaalOBal (IDI WM
la a m n  oaporlaaat tba affaet of tha pulao aaquonea, ableh aay 
aaeoopaaa a alapla palaa or a aorloa of pulaoa dopoadlag upoa tha 
eaparlaaat, la ae^lrad orar a parlad of tloa to giro rlaa to tba
25
dMirad FID and kaaea tka M B  apactnaa. Thla tlaa parlad or tiaa asls 
■ay ba brokaa lata thraa aaiar latarrala vhleh «ay halp la tha uadar- 
ataadlag of Ita oeapaaaata. Tbla ta aboaa la Fig.
FIO. l.S^l Oaaaral fubdlrlaloa of tba Tlaa Aala la a Multipla 
Fulaa bparlaaat
Prepor otion Evolution Detection
Time Axis
(a) Tha praparatloa parlad: laltlally tha praparatloa parlad coaaoaeas 
with a tlaa latarval that la long eoaparad to tha loagltudlaal ralaxatloa 
tlaa T .^ Thla allaaa tha aplaa to ooao to tharaal aqnlllbrlua. Thaa, 
at or aaar tha and of tba parlad at tlaa a Boa-agulllbrlua atata
la eraatad by, for aaaimla, a alaglo j * P pulaa.
(b) Tha avolutlOB parlad: aa tha tlaa paasaa through tha Initial 
latarval * < ^  aoa-aqulllbrlua ayataa avolvaa undar tha Influaaca 
of tha high flald laalltoalaa^ and tha ralaxatlon paraaatara aad la 
dapandaat on tha alapaad tlaa ( t ^ >  la tha axparlaant.
(e) Tha datactloa parlad: data eollaetlon atarta at tha and of tha 
avolutlOB parlad with tha dataetlon tlaa.
Iloeh Vaotor Modal Dlagraaa*^ aay ba uaad to ahow aebaamtleally tho 
affoet of tho pulao ooquaaeo oa tha Maalltonlaa apla funetloa(a). Thara 
aoa follona a daaorlptloa of aoao of tho aora laportaat pulao aaquaneaa.
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l.S.1.1 o— -Pul—
Thla expert— utsl pul—  eaque— e le ebove le Plg. l.P-3.
PIO. l.»-S Oee-Pul—  Sequen—
Tim e A«is '■ A  A
Preparation I Detection
Aa o—  be ae— , la tbla aléela pulaa aaq— a—  —  areluti—  ti—  period 
axiata —  tbe FID la dlr— tly acquired after tba applieatl—  ot t—  
pulaa.
Tb— ry
Wb—  a apla-1/3 aucleua la placad la a — (aatlc field, tbe api— lag 
auclma will g— arate a nagaatic field aad — y be tberefore thought 
of —  a nagaatic dlpole with a — gnat no— at u^ . It c—  —  abown by 
ol— alcal aeob— lea that a torque la — ertad on t—  dlpole with t—  
r— ult that vari—  with ti— . Tbe aquation of — ti—  la:
M -  T„ S [ I ( I * k ) l
l/a 11.13]
where J^^a a oo— t— t knon —  the — gaatogyrlc ratio which char— tori— a 
tba parti— lar a— 1— a. Sq— tloa (1.131 can be — Iwed to ab—  that
tbe dlpole pr— a—  aro— d the field dlr— tl—  ^  with angular wel— Ity 
glw—  by:
5 - 11.141
Thla type of pr— eaalon la called Lar— r p— eaaal—  where /w/ la the 
Lar— r freq— aey — d la given by;
27
Vor emsaple, ter u  laduotioa of 1.1 Tasla, th* ^«tea banwr fr^furaeT 
la M . M  Mta, aad raaoaaaca la aald to oeear «kaa a««atl«i [l.lS] la 
awwtlr faimiad.
la tha lotatUg Wrmm
■ara aa ara aoaearaad alth tha aaj tha — |— aoaaata af tha 
aaelal «ora alth tlaa la tha axtaraal aaaaatle (lald B aadar tha 
latlaaaea a( aa appllad radlatraqaaacy• Va aay daflaa a atatloaary
ea-ardlaata ayataa (a*.y',a') aad a aaeoad ayataa (a,y,a) ahteh retataa 
ahavt ^  la tha aaaa dlraetloa aa aad at tha aaaa aagular aalaelty 
á. Va eaa ehaaraa la thla rotatla« fraaa (a,y,a,). It eaa thaa
ha ahoaa that tha tlaa dapaadaaca ot tha aa^atle aaaaat haa tha tara:
“rat. "
w A ,  eaa ha eoaaldarad aa a "fletltloaa tlald" arlalac froa tha aftaet 
ef ratatloa aa abaarrad la tha rotatlag fraaa. It wa lat B “
B^ aff. ahara B^ aff. la tha affaetlra flald thaa tha aacaatle aoaiat 
la glraa by;
“rat “ V  -oB aff. 11.17]
■aaea tha aagaatle aoaaat praeaaaaa aboat B^ aff. aad rotataa abaat B^ .
la tha BBB aaparlaaat haaavar, wa ara lataraatad la tha balk 
aagaatle aoaaat of a larga auahar of aaelal whara ■ la tha waoter aoa 
of tha ¿  for aaeh auclaua. It eaa ha ahoaa that tha oquatloaa Jaat 
daaerlbad for a alaglo aagaotle aoaaat ara agaally applleahla to J^ .
[I.IB]■ - r, . B . Be
B . B off.o [1.19]rot '«
Thaa 1a tha rotatlag fraaa ■ allí praeoaa aboat ^^^off.
Proaloualy aa hara eboan that a auolaaa of aoaaat j^alll praeoaa 
aboat aa appllad flold B . Otbor Idaatleal aaelal allí aloe bahavo
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■iallarljr and «• o u  ropruut tkoir by ooetoro all oltb tbo aaao 
órlela, syroad oo tbo aurfaoo of a c o m  u  abooa la r ig . l.b-3. Tho 
¿  eoapoauta of j ^ o u  bo ooasldorod to bo oltb or agalut tbo flald. 
•laeo allghtly lou aaelol olii bo la tba blghor raargy lorol, tbaro 
la a roraltut eoageaaat of aagaotlutlu aloag tbo ¿-ula aad tboroforo 
la tbo aaaa dlrootlu u  ■ .
n o . i .s - s Ororall lulk Magaotlutlu with Magoltodo M 
la Mrootlu of ■
Slaoo tbo ladlvldul ji'a aro raadoaly aproad out orar tho aurfaea of
tho COBO tbolr aad ooopoamta eaaoal. Thu tho bulk roaldul
aanotiutlu of roetor M olii haro a total aagaltudo of M u d  will _
Ilo la tho aaao a dlractlu u  ■ . If oo boo eouldor tho applleatloa ” A
of a oao-pulM aoquueo la toraa of thla eoaeopt, tbla e u  bo daau- 
atratod by tba Bloeh Voetor aodol la Pig. 1.5-4(A].
n o . l.S-4 A blocb Vootor of tho Oao-Mlao SoquoneaA
A c< |u ift
29
At •qnillbrlva, prior to tho pola« , tho traaaroroo ■ofaotlsatloB 
lo Boro. looovor «hoa a x  polo# lo opplloA aloag tho s-aslo, M lo1 “  «a.
rotatod through 90* aa« boooaoa eollBoar with tho ¿-asía (Iriog rlao 
to ■acBotlBBtlaa «hloh la «otooto« hp tho apoetroaator to civ* tko niR 
olgaal. Thla apata* la aoo la a aaao«alllhriaa oaaAltlaa haoaaaa tho 
asoa aro rotatlag at raaoaaaoa fr*«aaaep aaA thaa tho apataa rotoraa
to o^lllhrlua hp tho too rolaaatloa proeoaooa aad T^. Tho aasaot- 
laatloa rotaraa to ofalllhrlBa aloag tho »-aala hp tho apla-lattleo 
rolaaatloa aaehaalaa goooraod hp:
-t/T,
N > ■ (. -. [1.90]
ohora t la tho tiaa takoa aftor tho j  pala* aad la aaaoelatod olth a 
loaa la aagaltod* of tho algaal. Alao at tho aaaa tlao aapMtlaatloa 
I b tho B^J plaa* rolaaoa aeeordla« to tho apla-apla roloaatloa aaehaalaa 
poooraod hp:
-t/T.
m - M aap o [1.91]
The othor aajor eoatrlhutloaa to ralaaatlea la the a-p plaa* arlaaa froa 
apla-aplB eoupllag to aolghhoarlac aoelol aad the lahoaogaaoltp of tho 
aataraal aagBotle field Ih* latter polat la goaorallp tho oajor 
eoatrlbatlaa to rolaaatloa, aad to tak* lato oeeeaat of tho offoeta of 
field lahoaogoaoltp aad the oaall oaoaat of tro* rolaaatloa, thla
oralaaatlea 1* oaproaaod a* aa offoetlo* traaaooraa rolaaatloa tlao 
OBd la doflBod aa:
[1.99]
eueh that A B la tho aogaotle flold lahoaogoaoltp aeroaa tho aaapla.
Ib a d d ltlo B  to tho o ffo o t  o f  the ro la a a tlo a  aochaalaao oad T^, 
tho aagB O tloatloa a loag tho j^-aala la aodulatod aa a ro a a lt  o f  the
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éitt*rmme* b«tw*M tk« Laraor fr«q««aey ItMlf «ad tk« fratoMejr of 
tlM retatlac fraaa (tka spaetroaatar «arriar (raquaaey). Tkasa 
tadlrldaal fraqaaacjr aedulatiaaa arlalag froa alagla fraaaaacy raaoaaacas 
(roa tka ratatlag aagaatlc *a«tera la tka a-y plaaa prodaea «a 
tadaead «altaga la tka raealvar cali fr«a tkalr Utaaaltlaa, aad tkla 
la dataetad as tka lOB algaal. Tkla aaj ka plattad oa a grayk a( 
laducad «oltaga «a. tías aad «111 ba sko«« as a daapad aselllatlsa «klck 
la callad a Frsa ladaetloa Dscay (FID). Tkla la sko«a la Flg. l.S-S.
FIO l.S-S 31,F HMS RsBoaaBca FID of Trlotkjrl Fkoopklaa
Induced
Voltag«
This hovavar la an ovsr slapll(lcatl<m aad though aodom-day 
aagasts hara rastljr laprovad alaea tbs pionaarlag days of Raha, slight 
aagastlc (laid lahoaogonaltlas still axlst throughout this aaorosoaplc 
aaaaabls of aaolal. This «111 aaan that tba ladlrldual vaotors «
«111 hava «lightly dlffaraat asaoclatad Laraor (raguaaolas aad a saall 
faaalag «111 ooour arising froa thosa «actors «hloh rotata fastor (I) 
and thosa that rotata sloaar (II) than tha local araraga ooadltloa.
Tbo orarall offset of this fanning la to further radueo tba offoetlra 
aagaltuda M la tha plana. This can bo sho«n la vsotor notation 
la Fig. l.S-6.
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r io . i . s -7 Til* Pula* ••qvMC« ef a SplB-aeko bparlMat
n,
preparation evolution
►I------------- U—
I detection
Wk«B a pula# la appllad, tkta will rotata tha aat aa«aotlaaUoB
raetor lato tha plaaa whara It olii thaa pracaaa aad Oaeap by a
aachaalaa.
Proeoaaloa la alloaad for a praelaa tlaa x  r"*»* * 21
la appllatf. Tbla fllpa all aagaatlaatlea raetora x  
hot It 4oaa aot aftact tbalr rotatloaal dlraetloa. Saa PI«. l.»-S[Bl.
PIO. l.S-S lUBlfaatatloe of a Spia Bcho
-Y .
P i
Aftar a furthar T , parlod thla will rafocua all vactora to thalr 
orl«laal poaltloaa aloa« tha Thla la eallad tha Spla-acho,
Pig. 1.0-0[C]. Tha aagaltuda of tha acho will ba laaa thaa of tha 
orlglaal aagnlTiiili walua M of Jl. Tha dacay In tha algaal aa tha
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■yatM raturma to «villlbrlw to predae* tk* riD will tkM b« • M M u r *
■s
ot tiM 2 2 ^  tk*
»1*1 vltk «IffarMt Tj ralaMtloa tlM>,
Ioa i^MeMMa ef traasvara« ralazatlo« If a 
varttmlar aaapla eoatalM 
tka «Mraaaa U  ayla-aeko ■awlaaa aa»llt«da will ba «iffaraat far tbalr 
dlffaraat raaoaaaaaa. Ihaa tka aa»ariMak aay ba rayaatad bj abaatlag
tha T, Utaraal, storia« tbat UferMtiaa ta tka eaapatar aad laeraMatla« 
ayataaatleally tha t, ta prodaea a aat ot data (a staek) to dataralaa 
thoaa dlftaraat ralaaatiea tiaaa.
Thoa«h tha apla-a^ oapartMat aa saeh aaa aot asad ia thia tbaala, 
it la a baala froa ahleh aaay othor a«plleatioaa ahloh ara aaafal to tho 
orgaao-phospherus obaalat ooear. Ot thooo ao olii daserlba aa asal«a 
or OASPI polo« soquottoo
1.5,1.8 Tka OAtad 1PÌB lobo ( OWl) Palaa taaaaaca 
Tho basic «Blss saquaaes la «Iraa la n«. 1.8-9.
no. 1.9-0 Tha 0A9R Palaa Saqoaaoo far lataroBuelaar 
Maltlplleity laloctloa
[ ì i j  Doc, Doc,
I '
la thls tbaala tbo OASPt pala# aoquaaca ta usad to soparato 
roBoaaaeo of CH aad CH, «roops froa Cb, aad quataraary «roups by 
aultlplleity saloetloa.
Couldar • svla-Mko «varlawit parferaad 1> tk* rotatlm« traaa
npoM u  laolatad AX — la ajrataa, raob m  eklerotora, «kar* eubea la
tka dataetad aoelaoa. ít aa igaora aacaatle flald iakoaocaaalttaa
tkaa thara ara tao earboa raetora aaaealatad vttk tka ep^aaita apta
atataa of kydregaa. tkajr ara Ol^ aad Cl^. Tkaaa allí praeaaa at a
rata ralatlra to tka aaaa ekaaieal aklft. Aftar a tlaa A  ■ J
raetora ■ aad I. allí kara dlrarpad akaad aad kaklad of tka aaaaA A
poaitloa. Applieatloa of tko w. rafooaaala« palaa oa earboa allí fllp 
tkaaa raotora ao aa to latarokaaco tkalr poaltloaa. Tkoy allí keaarar 
eoatlaaa to praeaaa at tko aaaa ralatlra ratoa aad at a fartkar tlaa 
t ■ i  tkay allí ba ra-al Igaad alea« tka ¿-aala aad a aeraal apaetraa 
allí oeoar. Oa tka otkor kaad, If protoa daeoupllag aaa turaed oa Juat 
aftar tka rafeeaaala« palaa, tkoa tka too earboa rootora allí praeaaa 
•t tka aaaa rato aa tko aaaa ekaaieal aklft poaitloa. Tkoa aftar a 
tlaa i tka tao raetora allí ba allgaad aloag tka jr-aala ISO» aaay froa 
tko Qt— leal aklft aaaa aad tbla allí giro rlaa to aa larartad tboogh 
doeooplad algaal la tko apaetraa. Thle general eaao aay ba appllad to 
otkor oultlplat eoapoaoata of tko foro AX abara a la edd, thougb tho 
oatar raetora allí haré aado oororal rarolutloaa la tbo rotatlag fraaa 
bat allí flaally raat aloag tka '^azla to gira tbo larartad doeoaplad 
apaetraa. la tho eaao abara a la aren la a AX^ ayatoa, all tka rector 
nrn^nnintr allí ba la pbaoa alth tbo noan cboaleal aklft poaitloa aban 
tka rafoeaaalag palaa la appllad. Tbua aban tho doooaplor la turnad 
oa tbla allí ba aolatalnod aad a noroally phaaod daeouplod algaal allí 
appaar.
Thua la tho OAIPI ooquoneo, acho-aodulatloa lo oaployod to alapllfy 
tka latorpratatlea of raaonaacea by altorlag tho phaao of aolaetad
algaalo la tho flaal apaetraa A particular opla-acko allí be
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pheee-eoduleted » U  It» C-B OMipllM- ph»»«-«>duUtlOB will
dlserlaiaat« batvaaa earboa slcaala oa tba baala of a»aa or odd auabars 
of attaebad proteaa. Tha Bodalatloa la laduead by latarruptla« tba 
dacouplar (tatlag tba daeaaplar, aaa balaa) fer a praelaa parlad 
laagtb í  ableb la ralatad ta tba raelpraeal al tha appraprlata eaupllaf 
coaataat. Tharafara tbaaa aaparlaaata raqulra tba praaaaea al a 
llaltad aad pradletabla aat ol eoapllag coaataata Far aaaapla.
aa aaaraca ralaa lar ‘j (C.H) la abaat 140-145 la aad tbaa a abalea al 
a ralua al (^*7 mmc. aauld rallaet tbla. Wth tbla latarral tba 
pbaaaa al tba, aay, add-pratea eaibaaa (CB aad CBj) allí ba appaalta 
ta tbaaa al tba aaaa-prataa earbeaa (CB^ aad -C- ). Far tba asparl- 
■••tal aarti la tbla tbaala a praparatlaa parlad al 3 aaaaad adaquata 
lar ralaaatlaa bataaaa traaalaata. * typlcal traaalaraad apaetma la 
aboBB la Fl(. I.5.— 10.
FIO. 1.5-10 * ID ^*C{'b ) aaiaal lAJ aad a 0A8F1 “ c {'b > [B] apaetraa 
al 1-eblaraaarbaraaaa.
13.C 22.SMHE
Altanativaly tk* «i^arlMat mmf b* parforaad br b»»l»* tb« 
«•eouplar om dartat th* period batoro the w, pulao k«a bOM appllod, 
off la the T. parted falloaiai It, aad oa durla« aeduieltloa. Thla 
beaarar rafalraa aera aXlchtlp aephlatteated hardware*^. both aatboda 
raaolt la alallar thaoratlaal argoaeata aad apaetra.
Oatad Dacoapllaf
■aeaaaa pelead m  data la aeeulrad la the tiaa doaala It is 
possible to esa gated daooepllag to rojaet or to rétala the NOI at will, 
aeeordlag to eoadltloas before aad after the axolttag B F pelas. This 
eaa be thoeght of as hartag tao dlstlaet tlaa periods to apply deooupllag 
as shoes la Fig. l.B-11.
FIO. 1.0-11 The Teo Periods for Oated Deeoepllsg
_______L _____________
J DECOUPLING* 1 I 2
Acq.
la a aoraal oaperlaset, e.g. the decoupler la on throughout
periods 1 aad 1 so that the doeoupled speetma eajoys NOB eahaaceaeat.
If the deooepler la turaed off durlag the period 1, a protoa-coepled 
speetrea will be obtalaed because the decoupler raspease Is rapid but 
oelag to the rolatlro sloeaoss of the relaxatioa proRssaes the HOI will 
still be presaat. This will apply oa subsequent scans If period 1 Is 
sufflcieatly long enough to slice proton satumtlon to occur. Boeever 
if the decoupler la on during period 8 and off during period 1, a
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«•eooplad apM tna vithout HOC «111 b* obtcUaC. iB w im elM t
tía *  la arallabla for tho protooa to bacoaa aaturatod. la  thla eaao 
though, period 1 anat ho loog aaough to alio« tho protoaa to ho ablo to 
rotura to aqulllhrlua, oa. 10 (■ ), after tholr partial aaturatloa
durlac parlad 1 . Thaao two toehalguaa, «hleh aro eallad gatad aad
iBvarao-catad doooupllac, aro prowldod aa ataadard oa aeat MB 
UapoetroaMtara
1.0. t tan «I thjl^_7rayoBOXJHaw
Tao-dlaaaaloaal MW: aaporlaaata la ahleh the raaultla« apaetma 
eoatalaa two aoparata froquMoj aaaa la addltloa to the wortleal lataaalty 
oo-ordlaato «oro auggoatod hjr Jadaor* la ItTl, aad tho aothod «aa 
laplaaoatad hp graat*^’** la ItTO. Tha Idaa la haaad upoa porforalag 
a aorlaa of apla-oohe or other aaporlaaata aaooelatod with a warlahlo 
tlao latarwal tj which la laeraaaatod ayataaatleallp hatwoaa aueeooalwa 
aaparlaoeta to eroato a aat of frao laduetlea decapa, aaoh with a para- 
■•tor tj aa Ita ruaalag tiaa warlahlo. A »  Pourlor traaafoiaatlca la 
porfoxaad oa tho data aat (aao Coctloa 1.0) aad tho rcaultlag two- 
Ciaaaaloaal apoctrua caa thaa ha ahowa aa a aeataga la which tho Fj aaia 
corraapoada to tha dlaparalea obtalaad la a aoraal oaa-dlaaaaleaal 
oxporlaoat. Tha rolatloaahlp of algaala to tho two axaa caa glwa saap 
uaaful eorralatlcaa of ceupllag ceaataata with chaalcal ahlfta, or of 
tha ahlaldlega of dlffaraat ancloar apoclaa. Varp aaap dlfforaat tppoa 
of 20 aaparlBcata aad pulalag aohaaaa hawa haoa aavlopad to obtala or 
highlight a particular phoacaoaoa, aalalp with tha aad/or*^*C la alad. 
Por axaapla, aapplag of protoa-protou ooupliag wla Double Quaatua 
Coheraaca*^ aad alucldatloa of choalcal aachaaga aatworfca bp ID MCI
91 31.apactroaoopp la aow poaalblo'*. Alao a auabar of appllcatloaa to P 
aad *^M auclol hawo baaa reportad. A alca oxaapla baa baaa reportad
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ustBC ao^^N/^ > e o m lk tlw i for ooatoraatleaal aaslyals ot araalel41a A*^.
Tk* «sparlMatal pala* toiaat uaad *111 l la i t  «hat th* flaal SD 
apaetriai *111 ooatala. la  taaaral bo**T*r. aaat o t tka 30 M R  «aparl- 
■ aata eaa b* ooaalAarod aa a partltloalag et tba t lM  aala U to «latiaet  
parloéa aa praaloaalr oaotlaaad for 10 m  U  Fl*. l .R -l. tboao aay 
oo* 4afIBO th* too tU a  iatorrala ^  (th* aoolatloa parlad) aad ^  (th* 
datoetloa parlad) of tho tlao tuaotloa S (t^ ,t|).
Vlth thl* la  alad, I t  la aow hoaarar prohably oaalaat to aadarataad 
th* Idaaa ot 30 RMR bjr rataraae* la apaeltle asaaplaa.
1.S.3.1 J-lpootro*eopy
J-apactroaeopy haa eoaa to th* tora la orfaao-phoaphom* ehaalatry
aa a vlabl* aortlac taehalqua aaabllag a dlraet aad oaaablgiioaa datar-
alaatioB ot both eoopllac eoaataata aad ehaaleal akltta. Sarloaa
altaal orarlap la ayataaa «Ith aoro thaa t«o or thro* aplaa eaa b*
alUlaatod la th* 30 apaetroa, by apraadlag aloac t«o axaa - ehaaleal
ahltta aloag F^ aad apla-apla eoupllaca aloag Fj^ . Thouth aaay dlttaraat
pula* aaquaaeaa har* ao* baaa eraatad to alueldat* hataroauelaar aad
boaoauelaar eotiplad apla-ayataaa aeat ot thaa* ataa trea th* orlclaal
Haha aaquaae*^ ualat a ataadard (*0» - t - IdO» - t - aequlra) aaparlaaat
to eraato th* apU-aeho. A typleal aaaapl* la ahooa la Fit* 1.0-13.
FIO. 1.5-13 Th* Raale Sebaa* tor J-Rp*etroaeopy tor Irradlatloa 
«Ith Rrolutloa (t^) aad Oataetloa (t,) Parloda
I I
preparation | evolution (ietection
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t.i* tfc. .».1 -r. «•- i- •«•«* •
•M.1M« tor • « *  Ito. of tto 1» •pootrt«, « *  * «tookoi Hot of 1 1  th.
(tooltolM tto M O T  tr«... ttot will k«r. oo oltool ot .11)
,1.., «to toU »  .»oot-to. * rofltotoot 1. ttot to «attoto - « ^ P -  
tottot «to rool toá toocloorr port, of tto .»ootr« froo tk. totolo 
rowlor «roMfoiMtioo It to poooiP^* 2 Ä  (rotkor
«k«i . tolr) for - o k  ...plito -ooeioto« totk . p«tl-lor H -  of tto
10 «ptotr— .
n o  »  J-ro«>lTod opootr—  of o fcotoo— loor áX opto «poto» to
« «^1« Wam ¿oyi* (bXftOk oros#®s)■lM«a gn9ktc1lf la F1«. 1-5-13. It aas xoor
rttk oo-ortotot- t J/* « -  », t J/t to tk. P, dtootoloo. tod ± J/a
FIO. l.i-13 * Oriipfcleol itopr— — totl—  of « »  J-roool-od
tpoetr—  for • AX Spia Opot— .
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IB tiM « i M M l M .  tkM » M V U I M  • m p m t U m  ot »®
•ptB oo^llaga •*« tkOM to afci te«! akltt «IftMMMM. A atnlght-
forvartf projaatlaa asta tka ) «sia glMa tka aanial ID
a»Mtr«a wltk Cali o b m U M  aaMtMt m U  aiMBiaal ahift «lapwalaa aa 
ahom at tfea top o< tha «laBraa. iktla a piaiaatiaa oata tka r,aaia 
ooal« fiaa a t«o-llaa J-apaatraa. Aa lapertaat taataaa la tkat tka 
liaa aaparatleaa daa ta oeapllag aoaataata ara láaatlaal la tka tae 
dlaoaaloaa aa tkat a 4i» pvajaatlaa loada ta oao aoapaaoat at aaek J- 
aoaklat kalac auporlapaaod apoa tka atkar, aad oalp oao Ilaa la oktalaad 
for ekaaleal aklft paaltlaa. Tkla la akaaa la rad la r ig . X.d-lS 
aad It aaj ko aatod tkat altkoofk tka paaka kaaa kaaa aovad aldooapa 
tkalr ralatlva aaparatloaa kava kaaa aalatalaad. Tkaa, tka atfoat al 
koaoaaelaar kraadkaad daeoupllag kaa kaaa aaklovad Tkla la a ooa 
platalp gaaaral raaalt piovléod tkat aay aatra Ilaaa daa ta aaaoad ardar 
faaturoa ara oaak, aad akllts al Ilaaa Iraa tkalr llrat-ordor paaltleaa 
aro aat aaek aera tkaa tka Ilaa aUtk; tka alaplllleatlea tkat It eaa 
brlag akout U  eoaplas apaetra eaa ka vary aaolal. Alao la tka eaaaa 
abara oaarlapplac arlaaa It la paoalblo ta aalaet ladlaldoal aaltlplata 
by taklag eroaa-aactloaa el tka eaaplata B  apaetraa. Aa lapartaat 
laatura ol tkla aaporlaaat la tkat haaeaaelaar eeapllaga aall la tka 
aaeaaa ol 100 Da kaaa baaa raaaaad la eaapoaada laelodlag aatal 
oaaplaaoa*^. Tkla aoald ba dllllaalt ar lapaoalble ta aehlaaa nalag 
ooaaaatloaal doeaupllag taohal«aao**. A alapla aadllleatlaa ta tka 
nOoaa ai^arlaoat aakaa It aaltakla lar kataraaaalaar ayataaa« daa 
Saetloa i.2.2.
Ib tba eaaa al obaarvatlaa oltk prataa w palaaa aad tka protoa
daooupliac durlac tka aoqulaltloa parlad, tka raaaltaat >0 apaetra baaa
13ebaaleal abllta la tba fj dlaoaaloa, aad protaa-eouplad C anltl- 
plata la Pj. Tka aoat uaad aaraleaa aa tka palaa oaquaacaa lar 2J J- 
spactroaeopy ara tba loar ahooa la Pida* 1«0”1A.
n o . 1 .5 -1 4  M m  M««**Ma for 10 J-oMOtfooeonr
[A] tmá [0] »re*«> »1» aothoAo
[C] aai [0] goto« «oooogllog oothodo
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1
1
1
1
1
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1
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evolution I detection
jn fig. 1^-14(A] aod [B] aro obooo ao-«allo« protoo flip eoporl- 
ooato. A w, polao ioappllo« sloultanooasly to both tho ^*C and apios 
iarortlog both tbo apla population togothor. With eoupllag aetlro In 
tbo «hola ovolutloo porlod, J-oodulatloo la alloood lor tho «bolo parlod 
and thus good roMlutloo oay bo aehlovad. Tbs soquoooas la Flg.l 4 ’-14tO 
and (D] shoo tho altoroatlro approach, tha ao-callod gatod doeouplor
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T«raloM, M  ■— tlo— * 1» ••etlo» l.t.l.S. ■•r» ÿiotoa
•elM «MovpllM 1« *•' •* *)>* ***
•p^laA iB tk* tirât or loot portlo* ot tho oeko m  tkojr giro olBlior 
rooolto. 1« tklo ooao ooo » n i  1* ootiro ter kolt ot tko 
orolotioB gorlot, ote k«MO J-Mtelotioo oU l  ko roteote te kolt oo ooXl. 
lo tklo oogo— to grotoo teooogllog grorooto tko rotoooolog ot tko ^*C-X 
Miltlgloto, okorooo «Itkoot goooogilog rotoooolog woold oeeor. lo kotk 
tygoo ot oogotoeo porto [B.S] okoo ‘*C oo tko teteette ooelooo te ko «o- 
oooplod «orli« tko tetoetloo porlod ote tkoo ooly okoolool okltt lotor- 
ootloo oloog Fj wlll ooeor. Tklo lo okooo te rte te Fig. X.W*. lo 
porto Ià,C] tko oogooocoo okoo tko dooooplor te  ko ott «orteg tko 
«otoetloo porlte, kooeo tko F^ oslo *U1 oloo oootote ooopllog lotortetleo. 
Tklo osporteoot lo oloo ot roloo te *^F m ,  oltkougk tko proooooo ot 
hoaooaeloor ooopllog cto eoooo prokloM**. Tko ootkte koooror koo eloor 
potoottel ter otkor kotoroooeloor ctekteotlooo ate a oo« aogooooo la te 
goetioo t.S.t oklek teaerlkoo tko noo ot tko »  J-rooolrod osporteoot 
nOora okoolool akltta aro oorrolatod *ltk oooplteg ooostaota
wltk proteo dooooplteg te botk dteoosloas.
Tkoogk 10 J-opootroooopy la rory uaotol, ooo kaa te ko awaro ot a
tow tekorost proklaoa wltk tko tookniguo ate kooeo tako atopo te stetelao
tkaaa dlttleoltloo. For osaoplo, ayatooa wklek ara oot tirât ordor
prodooo aoltlplota wltk aoyaoitry la tkolr apoetra. teoeo It lo
i^rtoot te ko aklo to dlattegolak kotoooo aagatlro ate poaltlro tro-
guaaoy ooteosoato. To aekloro tklo, propor Ilooor eoOkteatlooo ot tko
tstour guodrasta roooltlag tros tko 10 traaatorsatloo osât ko oaod 
Bowaror te soat ooosorolal apootroaotora guadraot saslpolatleo la Iteltod 
aod tko akoorptloo-akoorptlM guadraot la uaually tka ooly ooo arollaklo. 
Tklo guadraot te ekeoao kooauao It glroa tka ooat aoally pkaaod aod koat 
lloa okapt aod groatoat rooolutloo ter tko akaorptloo algaola. Tkla ta 
ao ooly okoo tko earrlor troguaaey la plaeod te tko eaâtro ot tka apoetral
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«Idtk 0« tka m«ro 11m  1b th* bbIb
-•0
Tkla B lM BllMB for aor*
•ffMtlTB B M  Of «MOBpllag POMT". SMOBdlT, iB^BrlBOtlOM iB th« 
rcfoeBslBc polBB BB7 glM rlsB ta ayarlaw bIipbIb kBSVB m  pliBBta—  
■Bd tkoats «hlok lia aakav af tha 11m  at afMtir af «ka yartlaBlar 
■Bltlplat**. ThMB BTtlfMta Bar ka aftaatlMly aaM n aaii kjr »kBM 
eTeliaC tka datactloa palmmu «Itk raafaot ta katk aaek atkar aad ta 
tka raaalvar rafarwica fcj m  Isarejrela Mtkad**. Tka »attafa af 
pkBMa aaad la glvaa la Tabla l.S-1.
TAILI l.b-1 rhaaa eyalla« aa«aaaea far 10 ' * c / l  d-apMtraaaapr*
Cyola
Pkaaa AaglM (dag.)
•0*
Carkaa palaa
IM *
Carkaa polM kaaalaar raf.
1 0 0 0
a 0 90 MO
3 0 lao 0
4 0 *10 ISO
• Takaa fi raf. M
Thlrdly, raaalatloa alaa« tha aala whlah ooatalM m  ekaaleal 
■hlft lafaiMtlea (aaa Flf. l.B-19) la dataiBlaad by tba aiBbar af ^  
valaaa aad baMa tha auBbar af azparlBaata parforaad la aaeh ataek.
Par hlgh raaalatlaa la tkla P^ dlaaMlaa, aBBll apaetral vladoaa ar a 
graat aaabar af ^  latarrala aaat ba uaad. àlaa digital tlltarlag la 
M t  paMlbla la tkla dlaaMlaa ao eara BMt ba takaa ta avald faldbadi.
Par--- by raatrletlag tha digital raaalatlaa ta B-10 la la tha P^
llaaBalna It la paaalbla ta arald eaafMlaa fraa laag-raaga
ea<9llaga aad thM raadlly dataialM tha aaakar af prataM attaohad ta 
aaah earbea aa t M  baala af tha aaa baad eaat>llag**.
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PIOUM l . t - l S  til« iM le  PalM  
• h lf t  Oorrwlatto
for ID latareraelaar
W )
’ H
lUcMt^utloa Traufor
Por aa Isolatad apla apatas hataroauclaar palr tha aaargp
lovoX diagraa la alMMra la Plg. 1.5-16.
laltlallp tha apla populatloas ara at agulllbrlua through tha 
Boltaaaa dlatrlbatloa aaehaalaa. Tha eorraapoadlag populatloas of 
tha aaargp Isaala aap ha rapraaaatsd hp tha auahars la tha bracksta (1, 
raflaotlag that 1/4 Thla la abosa la Plg. 1.5-16 (A).
A populatloa lasaraloa la eraatad sslaetlvslp ao that oalp oos of tha 
protoa traaaltloaa la affaetod. Thla la abosa la Plg. 1.5-16 (B) aad 
as eaa ha ssaa tha traasltloa bstsasa B^C^ aad B^C^ «apsrlsacss a 
flss-told laersasa la latsasltp, shlla that batsaaa B^C^ aad BgC^ ^
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riOOU l.S -1* Ab iMrijr La««l Dla«r*a «ttk tk* AssoelatMl Vava 
ruaetloa Coablaattoas tor aa laolatoA^^-^l 
Spla-tjrataa*
- 3
(a) popalatleaa tl at ■oltaaaa a«ulllbrta
(b) Ralatlro apta populatloaa (] attar aalaetlaa popolatioa 
traaatar
• takan troa rat. 00
axpartancaa a thraa-told iaaartad Ineraaaa la lataaaity. Tbla la kaoaa 
aa a aalactlva populatloa traaafar*'**^ ’^ ®*. Tbla attaet la achlaaad la 
tha tao-dlBaaaloaal axparlaaat bp tha aaquaaca flaaa la Fig. l.b-lS 
which aftaeta aalaetlva popalatloa lararaloaa for all tho raaoaaaeaa 
la tha protoa apaetrua attaehad to tho earboa aueloaa. Aa atatod 
pravloualp, tho loagth of tho t^  owolutloa parlod will datoralao tho 
aaouat of populatloa laworaloa which will occur. Fig. l.S -17 
rapraaoata tha offact of populatloa oe tho t^  latarval.
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n o u a i l.S -1 7  A VMtor learweetatiee U  rmtmm of aorUotlooo 
of aa loolotoO J(^’c,^l> for HofMtlMtloo TroMfor
• Bogootle flold dlroetloB 
Aiê ■ tho oogBltudo of voctor M
m tho offaot dlfforooeo botooon a protoa roaoaaaco aad tho 
protoo traomlttor froouoBcy
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Aa !■ tk* aklft eorralatlo« aaqoaaea la rig. l.t-lS a j  pvlaa 
la awlla« to tka gaotau. Tkla wlll e r m f  trauaaraa MCBatlaatioB 
la tka aaaal vag. rvaeaaalaa ot tkasa vaotwra la alloaa4 for a garlad 
o< t^ , attar aklek a aaeoad j  pala# im agglla4. If tka ^  aaolatloa 
garlad im loa« aaaagk lar a IM* graaaaaloa to oaear, tka atfaet ot tka 
aaeoad |> galao allí ka ta ratara tka roetor to tka «a aala. Tkla 
eorraagooda to Plg. l.S-17 (1) aad la eoagaraklo to tka loltaaaa 
agalllkrlM gogalatloa. If oo tka otkar kaad, tka ^  aaolatloa parlod 
alloaa tko traaaaarao aa^tlaatlea aaetora to graaaaa tkroogk *0*. tka 
aaeoad galaa allí kaaa ae affaet aad tka aaetora allí raMla la tko 
glaaa. la tkla eaaa tkara allí ka aero a-aagaotlaatlea. Tkla la 
akoaa la »1*. l.S-17 (11). Tklrdlg. 1* ae graeaaalea la alloaad, í¡x. 
ao t^ aaolatloa garlad, tkara allí offaetlaalg kaaa kaaa a ISO* galaa 
aklek allí kaaa laaartad tka agía gegolatlooa to tka -a-aala. Tkla 
la akoaa la n g . 1.8-17(111). »or lataraadlata tlalaga, gogalatloa 
laaaraloa la laoeavlota aad ooalaa oadalatloaa allí oeear aa a faaetlaa 
ot tka tlaa Aa a oooaoqaaaeo ot tkla, tka tao traaaltloaa,
aklek akara a r----  aaargg loTOl altk tka grotoaa lavolrod, allí alao
haaa tkalr Magaatlaatloa atfaetod aad tkaa ka aaaaltlaa to tkaaa 
ekaagaa la aodalatloa. A j  galaa la t k M  aggllad to raad tka
gogalatloa okaagaa. TO aeklaao kattar S/M la tka traaatoraod apaetna 
tka aagarlaaat aay ka ragaatad aaay tlaoa. A dalaj tlaa ot ea. 8 T^  ^
to 10 Tj, akara T^ la tka loagltodlaal ralaaatlea tlaa ot tka grotoaa, 
la la grlaelgla aaoaaaary kataaaa aoaaa to próvida gtogar rolaaatloa,
keoovar la aoat caaaa 1.3 T^ la adaquata aad ladaad aag giro egtlaal 
103aaaaltlvlty .
Tka 3D ahllt oorralatloa agaotrua ot aa laolatad
agía agatoa la llluatratod gragkloallg la r ig . 1.8-18.
riCURI 1.5-lR A Schraatic RaprasaDtatlon of a Hotaroauelaar Shift 
CorralatloB for an laolated AX Spin Syatoa
20 Fotirlor traDSforaattoa with roapact to ^  and t^ roaulta la a 
2D spoetnia. As sooa la Fig. 1.S-1S[A] doablota occur la the F^
dlasasloa as - t jJ. Tholr slgaals arc doubled slaco both carboa 
traasltloas will bo dotoctod. Tbaro Is ao act aagaotlsatloa traasfor 
aad thus tbs two slgaals aro of opposite phase aad haws ogual aaouats 
of positive sad aosatlvo latoaslty. la order to slapllfy tbs rosultlag i
spectra the protoas aay bo docouplod durlag acqulsltlea of tbs 13,
slgaal.
13
■owovor If docoupllag Is stsrtad laaodlstoly after the j
*C pulse, tbs BOdulatod aatl-pbasa slgaals would autually caacol.
This caa bo avoided by dolaylag docoupllag by a tlao ^  after tbs
aro parallel agala, aad aa additivej  pulse, so thst the ^*C vect 
sigaal at the fragueacy caa be detected. The result Is sbewa la
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ng. I.S-IS (Bl. A fmrtter al^llfleatlaa la te aae deeei»llag
13darlag tha avelattoa garloA. T U a  aar ka aektare« ky applyiag a a. C 
pala# at tka ■IBgelat of aklek aeal« eaaae tka preeeaalag aagaat- 
laatlM «eetera te refeeaa at tke aaé ef tka eaelatioa perled. Alae 
a aval Balay liw^rteB, akare ae Baceapliag la applled,
ae tkat Beteetlaa ef tka atlaatlaa allí ke eptlalaeB. Tkla
reaalt la akeaa la Fig. 1.S-13IC]. Tkla regalreB oeaBltlea ^  ~ ÏJ 
alae kaa tke effaet ef alalalalag al^wla tkat erlglaate tkreagk leag- 
raaga C-B eeapllag Uteraetloaa**'**. la tkla eaea tkalr aagaetlaatlea 
aeetera aoalB aet ka akla te praeeaa la tlaa aaB kalag la aatlpkaaa 
aealB aataally eaaeel.
CB| aaB CB| greapa
fer '*CB, aaB ^*Clj greapa, alallar reaolta aay ka oktalaeB aa fer
tke laelateB greap aaB kaaee tka aaaa aaqaaaca aay ke oaeB altk
Beeeapllag Barlag ketk evelatlea aaB Beteetlea perleBa. Tka eptlaaa
ekelee fer A, atlll raaalaa at , kaeaoaa It BapaaBa æ l y  upea tka
preeeaaleaal rate ef tka tao pretea reetera. Boaerer, tka ekelee fer
tka A. aalua alll ka Blffaraat aa It la BapaaBaat upea aet ealy tha 
-2
alae ef tke oeupllag J bat alae tke auakar of tke eeopleB protoaa.
Theae Blfforoaeea are eheoa la Plg. I.S-IB.
Thoa te aaelB aataal eaaeellatloa of oat-ef-pkaae algaala a eee- 
proalae aalae ef ^  te eater for ail CH. CH^. CHj groupa la uaad.
glaee a relatlaaly aarrea raage of J(C,H) la uaad tkla praaaata eo
13 . . » „10,11,111 apaelal preklaa ahaa oaa-beaB C eeupllaga ara of lataraat
0 SX XHoaaTar fer P, baeauaa of tka aida raaga of raluaa of J( P. K> la 
atraeturaa of real ehaaleal lataraat, Ita uaa alll probably ba llaltad 
daaplta tha attraetleaa of aehlaalag *^P/^H ehaaleal ahlft eorralatloaa.
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r ia m i *>»• * ä
Or«up*
ter •  Pertteular
<», -----
« ,  ----
• talee trea ret. M
tea la letereeMelear m u t  Cerralatlea Kar«*^— SÌ
The actaal piilaa aaqueaee uaed te achlera the chertcal
ahift correlatlee eaperlMat «aa that adapted fro. la**® aad the
aeqtiaae* ta ftrao la Flf. 1.5-20. letereauclear daeeupliag la
aehiered la eaeh dlaaaalee. altheugh If dealred eaa be ealtted la
either er both. ly phaae cycllaf both the aeooed J  4  pulae aad
the Ï- pulae by the Mthod aheua la Table 1 .6 -8. quadrature 
8
dateotleu la both dlMMloaa aay be achlered.
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VIOOM l .* - » 0  *»  * • '  ■•*•*
S k l f t  C e r N la t lM  ■ sparlM at
Bl«mr
T M U  1 .5 -1  Cjcltmg fo r  Botoroo-cloor « fcllt
C o rro la t lo n  IsportaoB t*
Cyelo Proton P u la . Carboa P u la .
1 ♦X
a ♦y -y
3 -X -X
4 -y ♦y
• Takon froo r a f .  80
la  ordor to  ro«>ro phaao a rro ra  f r o .  tfco quadraturo dotoetloa  
• r a t a . ,  tfco *1 » 1 . four atop .xp o rlao n t aay bo alao  epolod a « a l. four 
t lM a .  Th la  Bay bo achlorod by Ineroaalag  a l l  tho phaaaa of th# 
r « « l r . r  aad 5 F  p u la . ,  o .ch  t l - o  by 90*“ . Duo to  « .f to a r . l i - l t . t l o n .  
o f t h .  J .0 1  FX 90 Q apoctroaotor. a -o d lf lo d  ro ra lo a  of t h i .  f u l l  
e y e lla g  p rocadur. waa u a .d .
S4
IIM protM F«lM !■  M t IB tka Blddl* e f tha apMtral wldth in 
tha f j  élBeeeiee. Tfcla allaas tka aaa of laaa I  F daeaaylar pawar 
ta  tinnaH i tka 4  fa«la«. Tka bIbIm  ae«BlBltloa tra^Baaor aloa« 
tka ^  a«i« akoBl« ka taloa tkat a( tka a«aotral aldtk ta aaald 
faldla«. »r dattla« tka 4  tn a a ia tta r  fraqaaaejr at tka eaatta a í 
tka 4 ia«loB a f latorast, tka aaa«lia« fra«aaacj  aay ka kalaad aad 
tka slaa at tka data aatrlaaa aar ka ka«t ta a aialana. Tkla a l l í  
aeklaaa optlaaB d ig ita l raaalatloa la  alalaoB tlaa  aad la  alalaaa data 
atoraca agaaa.
Tka data aatrlaaa aaad aaad aat ka agoara, aad ladaad It  la  unaann 
ta aaa aaay «aUta (1014 -  40M ) la  tka t ,/F , dlaaaaloa eorraagoadlag to 
tka ra la tla a ly  tlaa  d lg ltlaatlo a  ragalrad aí a aoraal MW apaetraa. aad 
taaar paUta (11 -  !*•) la  tka t^/Fj dlaaaaloa eorraapoBdlac to ralatlvaly  
eaaraa d lg ltlaa tle a  aad a l  eooraa a aaallar uaatiir a l  arlg laal 
aaparlaaata.
tha «B 4^/4  «ataraaaclaar Ik ltt  Carralatlaa
onyaTt— t wltk ■ oapaanlaar «raadkaad Paoaaplla«
tha IB '*C/4 apaetra oktalaad aalag tka aaguaaea la  Flg. 1.8-20 
a t l l l  ratalaa apllttlaga la  tka protaa Fj dlaaaaloa dúo to koaoauolaar 
pMtoa ooapllag. Tkla la  o ltaa aa oadaalrabla eoaplloatloa 11 tka 
aalB okiaotlaa 1a ta  dataralaa aoourata pratoa okaaloal ak llta  Iroa 
oarraapoadlag alloaa arlala« troa okaaaa ^4 raaonaaoaa. It oaa 
kaaaaar ka aaaldad ky addlag aatra palaaa ta tka aaqaaaoa aa aocsaatad 
by Baa*^, aad aa adaptatloa la  akaaa la  Fl«. 1.8-21.
la  tk la  aagaaaoa, tka w ^4 palaa la  tka praoadla« aaquaaea 
(Pig. 1.8-20) la raplaoad fcy a palaa traía wklok kaa d lllaraat 
•ftpeta aa tkaaa protaaa tkat ara aat dlraotly attaokad to a C auelaua 
Iroa tkaaa «klok ara. Tkla palaa tra ía  la akawa la  Fl«. 1.8-22 wkara 
j  is  tka aagaltoda of tha kataroaaolaar ooaplla« coaataat la harta.
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Wlth tkls palM traía, pretoas «hleh ara aot «Iraetly attaehad to tha 
obsarrad ^*C aaelaoa asparlaaea aa atfaet aa It a aaasalaatlra liO» 
palaa aara appllad aad ara put oat ot pbasa. loaaTar, protaas ahieh 
ara dlraetlp boadad to tha partieolar earboa ara laft naatfaetad aad 
ara thoa daooaplad troa tha aoa-boadad oaas. fbr aaaapla, lat aa 
ooaatdar too protoas, hrdrogoa boadad dlroetly to '*Cj, aad Ig aot 
Oiroetly boadad to but eouplad tadiraotly to 1^, as la Flf. l.S-83.
PlOOn. l.S-33.
H. H.
yiM atfaet ol tha pulsa trata allí chasca tha opta statá of 1^, but allí 
aot affoot tha traasaoraa aacaatlsatlea of 1^. Iha pulsa traía Is 
•ppllad la tha eaatra of tha aaolutloa parlad so that tharo allí ba ao 
oaarall affaot ol coupllag bataoaa aad at tha aad of tha 
aaolutloa parlod'“*. Bacausa tha auelaus la eouplad la tha a - 
♦1.8 aad a ■ -1/8 apla statas aqually for a parlad of t^^ tha posltloo 
of tha aagaatlsatloB aaetor la tha traasaarsa phasa dapaads oaly oa 
tha ohaaleal ahlft 6^ aad tha laagtb of tha arolutloa parlad
Iha aacaatlsatloa of la tbaa traasfarrod to Its dlroetly eouplod 
auelaus by aay of tbo aoraal raed p u l s a * ® a a d  tbaa tha
obsarrad ^*C slgaal allí ba aodulatod by tba ohsaleal sblft 6^ oaly. 
Broadbaad hataroaueloar protoa daeoupllac la turasd oa durlac aeoulsltli» 
(tj) aad tba 8D-Pt allí gira a alaglo raaoaaaoa at ■ ***'*x^
alth ao boaoBuoloar proton apllttlag appaarla« la tha P^ dlaaaaloB. 
■oaoaar for laaqulaalaat aothyloao raaooaaeos ahora eoupllag arlsoa 
froa dlffaraat hydrogaaa thalr traasfor of aacaatlaatloa allí ba
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dittMWt umá kMM« eovpllM wiU «tlH
■pp»tr oa th» earrMpoadlac data altea. tlila la akoaa ta rig. 1*1*7 
per thta pala# trala te be atfeetlra thè aatlastlea ol £  aaat be 
aeearata to wlthia 10»'®*. tba «boia aa«aaaee (fi*- »«y ^
phaae epelad aa ter tba eeaplad batereaaelaar '*C/'« abltt eerrelatlea 
aafaaant ta (eaera palae errerà aad aebleee eae»**!*»* deteetlea.
«a l^rtMt applleatlaa ef tbla aaiatace ta tba preaaat eerb artaea 
beeaaae far pboapberaa ee^eaada tt ta a atrati^ttomrd aatter te eae 
;dt to aaaaare ralaaa et J(*'p,'l), tofetber wltb tba alga relativa te 
tbat ol tba eorroapoadtag J<*'p,'*C), area vbaa tba aoraal pretea 
apaetraa ta bt«blp aaooad-ardar aad/er evorlappod. tbla ta daaoaatratad 
la Saettoa t.l.
1.0 »»-»« a— «pilatlea el tba «D faartar Traaataiaatlea
tba SD faartar traaatora ta eapraaaad oatbaaatloally aa a pvedaet 
et tao aaatpalatteaa ol tba dota aaaoetatad wltb tba tao ttaa tatarvala 
tj aad t,. Aa aboan la Plg. 1.6-1, tao oatboda ol parloratag a 30 
feortor traaaloraattoa ara peaatble.
FlOOtS 1.6-1 llatboda ol Doobla Poortar Traaaleralag aa Array
*<t)_____6(tj,tj) 8(tj.Fj)
A <11)
SiFj.Fj)
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», lOttt. ■ tiM r w  «at* sat «(tj.t,) is star*« is taU is th* cospstar 
sMor, as s sat a« FIDs as« a ■> Fasriar trassfam is »arCoMS« all at 
asaa ta jrial« t»a twa fra«s*ae, diMSSiasal spaetras S (F^ ,Fj). *7
„sta à, as aahiaaa« »» U s  «asi Fl «0 Q. tka Û  trassfa»ad
is taa staps. âs U a  »  ai^arUssU ara kasa« as a sarias ot spis-aeka 
lika aspariMSU w l U  as assaaiata« aariakla tisa Utarral tkis 
Utarral is sjafMtiaallp isspaMita« «a» tka sit aapariit a< tka 
staek ta eiasta s sat af FID* U i U  aastaU tka ^  paraiur ** Uair 
««Sis, tua aariUla. taU a« tka isdiaidsal F»* is U i  trassiaiad 
witk a prapar aspasitial ar atkar MiUtia, fasetii. tki* plaids a 
sat a* spitra skiU aar, u  a fosetiaa af At Uis sta,* tk*
isfataatii is sUtad as pkas* ar asplltsda sadalatiis at tk* F, lia 
wkiU kaa* rassit*« tras takls, lisasr eoakisatiai af aksarptii asd
disparan ai
Tk*
•sit isfarsatii asd aeaprisM a «(tj^ .F,) data aat. 
fasrisr Traitaraatii (wiU raspaet t* is tki
psrfatB*« 1  *Mik as* af tki* uia, as* data paUt f n  a a U  af tk* 
spitra as« tk* data ar* surad is kalk sasar, i  a fssetii af tk* t i  
fraqsMMp panatara «(F^.F,). Tkis pnadur* is *S|siralit ta par- 
tamia, a daUls Fasriar traifamatii i  tka ari,isal data it. Fi,. 
1.«-» skaï tka FIDS af a saspla af triatk,! pkipkli nsltis, f n  
(«] a 10 Fasriar traitamatii asd [01 a «0 fasriar traifamatii.
As a i U  tk* fimt traufam, U *  saisd yiald* a^ia katk akirptii 
ssd dispamii t a n  nsltia, is i  arrajr aaiistis, af fasr «sadrits; 
lirptias-skirptii; akirptii-dispar.ii: di.psmii-akirptii;
di.parsio»4ispisii. Tkiratiaally it isld k* poiikl. ta taka 
liiar soafcimtiaM af tkai fasr ,ssdnts t* aptisis* pkiia, alas, 
bath i*s“  far a partiilar aspariait. kaaarar tk* i m a l  aossareial 
MOt spitnatar ia aially i t  sp i  tkat ily tk* abirptii- 
abirptii qsadnt is i«l. Tki* i y  ba dai i  tk* iafamatiaa 
istit. far aysitry r a m .  i* tk* a i *  i. * U  *osr quadnta. Th«.
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th« rMvltiac ao ■pactruB can thaa b« dtaplajrad aa a aaataca la ablch 
tba Fj aala earraapoada to tha dtaparaloa obtalaad la a aonal ID 
aaparlaaat. Tha F^ dlaaasloa will tbae eoatala ethar lafoiMtioa 
aeeordlac to tha partleular axparlaaat aetuallp parforaad and tba 
oorralattoa bataaaa tba too axas will raflaot tbla.
F i o m  l.d-l OoaparlsoB of tba FlD Maaaltlag tram a ID aad a 10 Ft 
for a taapla of Trlotbpl Fhoaphlao
1.7 Llaa Ibaaaa la ID taactra
A traaalaat algaal usuallF daeaps eaipeeaatlelly aad this laads to 
raaoaaaeaa with a Loraatslaa llaa shapa la ll^ald MW. Tha width of 
tha llaa asF ha ehaacad by aslat dlffaraat MipaaMtlal fUtarlac bat 
tha llaa shapa will still raaala Loraatslaa. la tba eaaa of 11«|>1M 
10 w m  spaetrosoopy tha lataaslty sarfaoa woald ha assaaad to ba a four 
polatad star pottara^*** whleh woald rofloot that this ahoorptloa has 
basa obtalaad by a 10 traasfoiaatloa of tho two tlaa-doaala slgaals aad 
that thoy aro both Loraatslaa la ahapo. loo FIs. 1.7-1
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PIOUU 1.7-1 A Sehaaatle MpraaMtatloa of aa Abaoluta Valua 
Loraataiaa Liaa thapa
S O Hz
Thla aaaaa to hold truo for alapla laolatod oxaaplaa, howaaar, aoat 
algaala aro affoetad hp aodalattoo offoeta aad tha raaultlac oooplleatad 
llBO ahapo la a SD apaotrua whaa thla oooara la aald to bara a phaaa
twlat0S.M
l.d Plltarlaa aad lapoaoatlal Wol^tlaa
Tha abaorptloa-abaorptloa «aadraat aa proaloualp aaatloaad la tha 
aoat daalrablo «uadraat for high roaolatloa oorfc boeauao all tha 
raaoaaaeaa ara ahaorptloaa. Mowaaor, la aap quadraat, phaaa aaoaallaa 
roaultlac froa aodulatloa offaota (phaaa tolat) aaka It difficult to 
aot tha phaaa la all aaetloaa la tho apoctrua. SCP^.F^) aap ovarlap 
la both dlaaaaloaa or la oao dlaaaaloa aad ahara thara la aa ovarlap, 
tha latarfaraaca will raault la a phaaa tvlat. To elrcuavaat thla 
problaa varloua dlaplay aodaa caa ha uaod to plot tho full 2D apoctrua.
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PIOUU l . i - l  TH* •* IspM M tlal «alfkltac o« tk* FID of tko
BM t^ to4 C , Cofko* to* Creoo-ooetloo la  o taaolo of 
«•■oitonyl Slphoarl fhoofliloo.
no filter
( A )
Gaussian negative 0-5Hz M  
(F ) v / V -'u# Ml j »-o^ ---------\J \ y ^
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l . t  Or— >r— «ftic» ot M> —  t— otrm
T—  w«ra ot pr— Mtiag tk« 0  ap— trai aap ara: tha Staek not 
(n g . 1.0-1) aad tiM 0—toar Mot (rig. 1.0-0).
1.0.1 T W  Otaak Olot
A ataofc plot ia a rapraa— tatlaaal graph eoapeaart bp: laor— tlag 
rala—  of o—  traga— oy dlaa— t— , aad plottlag tt agai— t aaothar 
t— etloa ot tho othar tragaa— y día— at— . Tba lataaalty ot tka
ab— rptloO aigaal glr—  tba tblrd dia— al—  aad b— oa —  ovarall 3- 
Dlaaaaioaal aarta— . It ia aa— lly plottad aab—  to alloa paaka 
hablad oth—  raaoaaaea paaka to ba aa— . Al—  ahltaaaab raatla—
ara i^lnjiil to blot oat tba hldd—  11— a to gira a elaa— r lapra— 1—  
ot all — aa— aa.
1.0.0 Tba 0— tour Plot
Tbo o— toar plot la b— ieally a do— aard ri—  ot a ataak plot aharaby 
COBO— tratto—  ot atara or aod—  rapr— t ab— rptl—  algaala —  tba 
grld aurt— a. Ood—  whloh bara gr— tor — t— tl—  ot Ila—  ladl— ta
atroag ab— rptl—  algaala — d tb— a altb laaa ara ot aaallar lata— Ity.
Aa orarall thraahold la aot a— lly aa a abltaaaab to rld tba baekgreuad 
— laa to praa— t a el— rar pletora. Cara b— arar auat ba tak—  —  —  
not alatakaaly 1— a uaotul or algaltle— t data. Thla ta aho—  la 
Plg. 1.0-0.
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Fig. I. 9-1 (a | a  2D J- R«Miv«d 'h  Suck Plot of Etkffl écetía 
A 4S* Projoctloo Ukon from the Suck Plot
H S9. 6 MHs
A .
H
H6
Fig. 1.9-2 A 2D J-Reoolvod Contour P lo t o f •  Simple
Bonsonto
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T«1«M of *J(P,D ieeoflstely fro* owroprloto ezoM-aoetloB* 
of tko spoetro. Tteoogk tklo oorrolatloo, tko yrooodr o oloo »Uovo 
book okoclilM yi* *J(P>D to vorlfy lalttol M B  aooliMMOto.
1 .1 ■loo of IP —  *— lyolo
iB o>«or to BBforotoB« folly tho toehalvM, It lo «oofol to ooo- 
ol«or flrot B oioplo oBoyooBd oithoat tho eoaplleotloB yrodoeo« hy tho 
proooBOo of plwophoroo bo ooot of tho doto for tko ladlridBol euapowado 
ohooB la thlo tboolo oro dorlrod frea aoa-trlrlal MMR opoetra. Ihio 
Bay bo alao aaod ao a róblela to ahov eloarly the ayataaatie approaeh 
takaa la olaeldatlat tho ehaaleal ahlfta aad the rorlfleatlea of tbalr 
aaalgaaaata, tho aaaaaraaaat of ooapllac eoaataata for partleolar aoelol, 
aad tho way la ohleh ID IMB aay bo eeaplaaaatad by ID M R  aaalyala. Tha 
Bothod «111 ho lllaatratod by applylag It to a alaplo bleyelle proearaor, 
oae T-hroae aoreara-t-oaa (C^^Rr) aa ahowa la Straetaro •.
R.t.l Calealatloa of Cbaalcal R M  Data 
for Rae 7-broao aoreara-S-aw*
Straetaro S
A *C R M  apoetraa la aboaa la Fig. S.1-1(A] aad Ita aaalg 
glroa la Table S.1-1 belag aided by Rnraaaka et al*.
OAtPR polae aafaaaca* for to eoeflro aad dlfferoatlato aaalgMoata 
botaoaa tha '*CB, ^*CRj, aad quarteraary earbeaa aay bo aopleyod
la thla oaae oaly ^’cRRr aad ^’cR groapa areat thla ataga.
larelrod aad thla raflaaaaat la not really Beaded
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r ig .  I . l - l  A ‘ *C {4 >  [A] M « •  (»1 nm  Sp ^ trua  of « o
T-bMM Boroara-l-aB«
C . C . 13.C sa.s mb **<1
Tabi* l.l-l ‘*C m a  OMBleal tbift Data for aao 7-broM 
aoreara-a-aaa
Carboa ^*C Cbaaieal Sbift (6/ppa>*
Huabar Bsparlaaatal Litaratura ^
«1 80.18 30.1
=1 188.78 138.7
«8 180.88 180.8
«4 81.89 31.8
«8 18.41 18.8
88.18 38.3
40.88 40.0
a Positiva slgas ara to high fraguaaey of 
TM8-0.0 ppa la COCl, sa solvaat.
b Takaa fr M raf. (4).
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til« i m  sp«etr«i la alMam la flf. la It tka aoo-
olaflale protoas roooasto orar a raago of oaly 0.» ppa tad so proelodo 
say strsl«fct*orwsrd saslpsU. iooosor, as tho ‘*C « *  spoctroa Is woll 
«isparsod sad esa bo asslfasd, a »  «toft oorrolatloa oaporlasat
M y  ba osad to soparato aad aasl«a ths protoa roaoaaaeaa. Iba par- 
tloalar aoqaoaco asad «as tbat adaptad by Baa*. as daacrlbod la Soetloa
1.6.1 aad droa la Flf. 1.1-10. Aa atatod proTlooaly. tba basle ablft 
eorrolatod sofooaeo aay bo slapllflod aad Ita aaasltlrlty oabaaeod by 
tba daooupllaf ot protoas darlag tba dataatlaa parlad, aad by alíaatlra 
«oaoupllag ot tba ^*C dorlaf tba arolatlaa parlad. To aeblora prataa 
doeoopllBC durlaf dotoetloa. tba daeoaplar la taraad aa at a tías 4, 
(O.S/J) altar tba w/11 ” c raad palaa, abara tba ralaa al 4, la a eoa- 
praalaa lar all OI aad OI, groapa la tba saapla. Tba aalaaa al 4^ - 
S.5 atoe aad 4j ■ 1.1 aaao omvo eboaaa lar tbla taapla aa tba baala al 
aa aatlaata al 145 la lar *ltb tbasa dacoapllaf praeadaras
atad, tba ID aoatafa allí ooatala tba raaonaacaa lylaflapla
alone tba F, sala aad tba rasoaaaeaa alth tbalr boaoaaeloar apllttlaga 
lylnf alone tba Fj sala. tbla aaqaanea alloaa aay fl^» rataaaaea 
to ba corralatad alth Ita dlraetly boadad bydrae«>(«) “ 0 
hoaoauelaar proteo eaupllags aleaf Ita eraaa-aaetlon.
In ardor ta radaea tba sisa al tba data army aad tbna optlalaa tba 
digital raaolutloa lar tba naallabla anabor al data poUtt, tba apaetml 
aldtba lar batb tba ^*C and 4  ara bapt ta a alnlaaa. Far onaapla la 
tbla eaaa. tba apaetml aldtb ana takan Irao 17 ppa ta 150 ppa (en.
1900 la) and tba 4  apaetml aldtb aas takan Iraa 5.0 ppa to 6.5 ppa 
(en. 450 Is) ableb atlll laelodao all rasoaaaeaa, aa saaa In Flg. 8.1-1(5]. 
la laet, ta obtaU eboaleal lalaraatloa, a lull 8D plot asad aot bo dona, 
lastaad bydrogoa Fj eraas-aoetloas earmapeadlag to tba maoaaaeas 
la tba Fj dlaoBSlaa aay ba takan to rntrlam tba InforBatloa. Tbla la
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•ÌM«I U  Fif. *• OMI b« tbl* ta» ffMtlr
■Ufflltt«« tu* hF<i»m »FbOtn» M  »• **•
J(R.K) M T  b* latem« f m  tbla «ata. Il boaaaar aalp aaaot obaaloal 
abites ata ra««lr««. «aaplla«. as «aa ba aaaa «a alias C, la FI*.
•.1-S[b|, osa stili praasat aaaaaaasary asaplloatlsas te tbla «star- 
ateatlaa. la tbla essa, tbla saM aaaaaaea la as«ltte« tertbar as 
«aaerlba« la iaetlaa l.b.l. FI*. l.«-tl, aa« alisas alteteattea al bo«»- 
aaelaar piataa aaaplte* aaeapt altbla tba saMCI^*>aap. la tbla 
aeVHaee boaoaaelaar «aaaaplla* la aa*lajra« te bate fra*aaaey «teaasleas. 
Tba »  stack la sat ap te tea asaal aay aa« tba orsaa-saetlcaa aaa «basa 
la FI*. l.l-flAl. Aa oaa ba casa, aaact ebaalcal abites aap ba 
aasllp ras« all altbcat /(*,■) eaaplla* la aact cassa.
It sili ba asta« I m  FI*. l.l-ltA) tbat tela aatba« ala« praal««« 
aaaaalvaaal lAaatllteatlea al laaqalaalaat ptotoa caaplla*a ariste* Iraa
FiOM -S 90* 0X0 OaUMalrtcSUekaaí a C/*H Mateonudair SN» CaruWad 20 
NHR SpadiumWkh aj *H HomonueharOaeauptod
and b) *H FuUy CeupM
in Iha F, (*H) Oinamion
rr*
M  *H chM idcal iN fts  
of the corresponda)* cartMn
[^ F b r  J(H -H )caup(ii)g of the 
corresponding carto n
SOO
’H
?so (Hr) 0 SOO T»««OOHl
7 7
—  C ,
250 (Ml)
MtliylM* trcmp». Crtculrtlo« of tk« M  •»!> oykto« 1«
•M>tloo 1.1.3. *• • ~ « 1 » .  tootlM •»«* ehoeklM of tho Ultlol
« C  oMUM N O t o  10 »ooolblo. Tokio 1.1-3 fl*oo tko roortto of tko m  
•,^ ,.,1 ^ .1 0  oo« o^ayolo »orfonM« oo tko « »  fot. of T^io-o oo>o««-
Toklo 3.1-3 4  3 »  Cko«leol Iblft Doto for ra* oorooro-3-
Coiboo WuOkor Sl Cbooleol Sblft (</ppo> *
®1
3.0
«3
8.8
«3
5.8
1.8
1.8
1.5
«/lì
1.7
«•
3.0
«T
4.8
• IMltlr* olgoo oro to blgb frogooooy of 
T M -0.0 ppo io CDCl, oo oolTOOt.
3.1.3 tko M t M ^ M t l o «  ofJ‘i(D,I)_*or_trlotbyl 
Iko ooo of *^c / d oklft oorrolotleo oo«oooeoo wboro koMooeloor 
10 owloyo« lo botk fro«noMy dlMMlooo io oopoelolly 
rolooklo for oiopoMdo wkoro oootkor ooelooo, o ^  ” d . Io oloo oooplod 
to o kydioffo. oo« oorboo. for ooooplo. 1« orgoooykoofkoroo eo.po«i«o 
•boro «ooy of tbo olgoolo lo tko ^*C opoetroo oro opllt loto o «ooblot 
by “Ji’S . O .  oo<* Iloo *111 yloU Ito o«i P«>to. erooo-o«»tlo« 1. tko 
ID opoetna. Tko «Ifforooe* b*t*o« tbo t*o protoo rooooaoco
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fraquaaclM froa tiM corraspoadlag slteaa of a particular carboa 
asaoclatad wtth P aad P. «111 ba tha *J(P,II) aad tba affactlra protoatt P
cbaalcal ahUta ef tbasa algaals «ill ba glvaa by <H 1 1/3 J(^^P,N).
Pbr aaaapla va eaa eaaaidar tba slvpla ea^ouad trlatbyl pboapblaa.
Tha apaetrvB la Plg. S.1-3(A] chova tha toe carboa algaala
te he apltt hy J(P,C); thelr aaalgaBaata are haeva aad are glvoa la 
Tabla 3.1-3. At 90 M a  tha hydregoa apactrea, Plg. 3.1-3(9], aheoa tha 
aapaetad eoaplea t apla ayataa. la erdar te aaalga *J(P,H) aad
tt, a 3S ahlft eorralatloa axparlaaat vaa rua. Tha eorreapoadlag
ereaa-aaetloaa takaa freo tha P^ dlaaealM ahoo tha hoaeauclaar pretoa 
raaeaaæaa arlalag trea thaaa (ewr raaeaaacaa la tha P^ dlaaaalea 
glrae la Plg. 3.1-4. Tha dlffaraecaa batwaaa tha too hydregoa raaeaaacaa
Plg< 3.1-S(A] A^^(^H) mot Spactrua of Trlatbyl Pheaphlaa
H
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Plf. S.1t3(B] a ■ M n  Spcetna aa4 Es m >s1ob of Trlatkyl PhoapklM
J .
Ib Mrts Bloag tk* P^ axis will b* tb* tbIub ter th* J(P,H) asd tk* 
protOB ck— tcBl aklft «111 b« <Ht iJ(P.I). Thla Ib pertray«« la tka 
«apaasloa for tka earbaa la Pl(. t.l-4fl). It akoaU ba ala« aota« 
that tka aklft aorralatloa «xparlaaat la aaaaltl«« to r«latl«a algaa of 
eoapllaga. Aa eaa b* a«aa la thla flgara «hora tka P^ axla la plottad 
fioa klgk frafataey to 1«« froqoaaoy, tka dotonlaatloa ala« (laoa tko 
rolatl«« algaa of *J(P,H) aad "~^J(P,C> for «aek CR palr. If aa 
abaoluto alga eoald ba datamlnad ala Múltiplo Raaoaaaca toehalquaa, 
thoa tko tmo alga, poaltlva or aagatlao eould ba aaalgaad to tbaaa. 
la thla eaaa, Plg. a.l-4(A] aboaa that both "j(P,R) ara of tka aaaa
80
Pl(. S.1-4(A] M *  Cr«M MOttoM of • ID Shift
Corrolatioo SByortaaot of trlothyl phoophtoo
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alga. Tfca ealealata« '■, '*C aad akaiUeal aklfta aad “j(P.C> and 
*J(P,I) vainas ara glvaa Mtll tks lltaratnra vainas la TBkls 1.1-3.
Takla 1.1-S M W  Bata for tvlatkjrl pBaapBlaa
■neloas mparlasatal Lltaratara*
-10.0 -M.l
10.1 -
d 10.5 •
V *  “ •
1.5 1.6
6 H oi. 1.1 1.1
**•
0*6 HO-s-
«1 I3S’ |3*ft
. . av« **• 0.0 o«*f
“ l
a Boaltlva si ^  ara hlgh traquoaey 
l,BO^  - 0.0 ppa
to 55«
h Boaltlva sigas ara hlgh fraqoaaey 
a la Barta
• tahaa froa raf (•) f (kO
to TM b O.O ppa
1.1.1 Patatalaatloa of "jfP.Bl and < ^1 for Inaanlvalaat 
■vteoaaaa oa a CavBoa <C«j)
Im tha as4t<lod Baa aateeaea’ vkaro heaooaelaar doeonplla« la 
oKoeto« la tha P^ dlaaasioa, a singla hjrdrogon rasoBaaeo vlll ba slagll- 
flod ta a slaglo lias la aost easaa. ■owavor In tha sltuatloo vhora 
tha hjrdrogoas tkat ara attachad to tha saaa earhon ara laaqvlvalaat, 
haeauso of tha eaapllag ’j(I.B) - es. 11 la, a two spla Al systaa vlll 
arlas. Thls la haaaasa tha hoaonuelaar dacoupllng palas traía laaartsd
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la tk* alMl* ef t 
fora thara eaa ka
allea *ltk tkla aa 
eaaplas apaetraa.
ao aataaaca aftaata katk protaaa ataally aad tkara- 
Mtaal dacaaplla«. kaaea tka aanaapoadlag data 
ad ardar attaet will kawa ta ka aaalyaad as a
a.1.3.1 taalysla af aa AB syataa 
par tka tsaarsl twa-spla <1-1/3) aaaa, tkara ara laar paaslkla 
allawad traaaltleas. Tkraa paraaatars aay ka abtalaad fiaa tka spaetraa, 
l.a. v^.Wp aad J(A,I). la tka psaaral aaaa tka AB apaetna aay ka 
rapraaaatad ky Big. a.l-d aad Ita aaargy lavala aad traasltlea fra- 
«aaaelaa ara glwaa la Takla 3.1-4 wfcara * ■ “ d 3C - (6* a
J<A,B)*1^^.
Takla 3.1-4 ■aargy Lavala aad Traasltlaa 
Two Baciai (AB)
Isa far
Llaa
(a) Baargy Lavala Traasltlaa Fragasasy
Balatlva
lataaalty
1 »A ♦ »B , «»AB 1 « -* *. rc ♦3 4 3 1 1 se
3 * K - V *  " I3 - I 1
'ab
■ • é
3 •4 -**3
'ab
« - - r
4 -<»A ♦ V  'ai B. -» 3. 'ab-c — 5*3 4 4 3 s se
It va aaasldar tka asaapla at a 3D ^^C/^B skltt earralatsd erass- 
saotlwi troa tka rasaaaaea at aaa 3-broaa aarbaraaaa skews la Plg. 
3.1-S, va aay osa tka aoabariags troa Flg. 8.1-d aad an)ly tkaa ta 
calculate tkla A3 spactrua.
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Fig. 1.1-* *0* Cro«»-»*etlo«« takam aloag tli* ( ■> 01«»«»loa
froa a to '*C/^F ahllt «orralatad apaetnia for a aaagla 
of asto I-broM aerboraaaa
H
(H)
• »- 1 . . ^ . - - --
1 ,
1 ------ 1
Hz
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FU. I . I - «  to »  «»»otn* o f tiM C j kftoofMS U  « »  
aoitonun*
(torts)
Uslsc Fig. t.l*g;
1-3 - 1-4
131.3 - 131.3 - 104.7
3.3 to
(V. - ».) C*- J*
(4C J*)*
< . ((3C-J) (3C + J)J*
6 - ((»-*) a-*>i*
sttbstltstlBg vsls gst:
6 > ((131.3 - 104.7) (131.3 .3)r
7. ♦ 7. (l^S) - (1^4) 
(131.3 *■ 104.7)
(7^ - 7^) ♦ (7^^7^) - 33.74 ♦ 383.3 
37. - 311.3
333.3 - 135.3
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1.1.s.* »B toalyil» of oyotoo
. . la eoooiod to tholo tho eooo olioro maot^r ooelow. 0^*^
hydrofoo «  yolr 00 M I  oy«««» ro«ilto. Booooor tko ^  ««»•• •«*
Oliai 0,1.0 .,0. M O  CB. -  M .  CB,. “  “ “
y «1.M .10 O . tfcoM r o .o lt fr o . tfc. » ,  »B. » ,  onm t»*
L  .IIM -i« o. t M  »  yort of t M  m   ----—
poodlo. to oMoolto .Pl. .tot., o* X. til. 1. ...t M.Í1I *•'
o.o.i-.,iM n .  . x-t *0, . V  lo o .«PX. •*
P10.M1- ta-. tp. »  .0. ...ti«- m  * « .
•octlo-t.I. i-r. tP. too ero— MOtloo. .rl.iM *«• <»-•«> ®5l
co-^oot. 1X0. -Mp-tlooxy tP. » ^ -  tP. h^oo»o.Mt. 1. pert tAl
Cl«.x.tloo. Of tP. M  .y.t-. .r. -oo. fo, .-P •*
.11... to P~-«i. tP. .tlM « M T «  1. PPtt 1.1. .oPtr^itlooof oít-tlo.
aio.lo.1 Mlft. fro. tP. too -IMT— . M o -  1. rod 1. P-t Ll. -XXX 
.10. tP. too -»Xlo. oo-toot. « . / >  « d  «S-'>- *“•
oooluotl- Of tP. t«. M-X..X .Pitt. OI « -  «. - - -  -  “
IJKP,.*) -d±|J<P.H,> ro.p«=tlo.Xy.
Fl,. a.X-7 ^ “ ÍÍ^‘,Srí*yx‘dtSx'^pPo.pPi~
1»..
H
A B
analysis
L_-
F ,
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As pranoMty BMittoM« U  SMtloa 1.8. bleyelle ■olscsl*« sueli 
as nbstltstsd sMbofasMS. sr* rsf*»4*A •• • rlflA syst«« d«* to 
llaitod poeoderetotlee of tbolr toroloo «Ml*«- *■ “
It lo pooslbU to dotonloo »-C ood oo«»lla«o o*or o MMbor of koodo. 
IB this ooatoot, It tlMO akoald bo pooalblo to ooflbo tho laflotaeo of 
phoopborao, by tho pbosphorvo oobotltoaato oa tho eyelle ria«
ao M  to rary tho phoaphonia oarlraaaoat. tho dlfforoaooa aay thoa bo 
■oaltorod by t— »*»***« «»d ctaparla« tho earboa aad hydro«oa ehaaloal 
shlfta to«othor with tho ■j(F.C) aad tho aoro ooaaltlro “jiF,*) oooplla« 
eoaataata for a raa«o of dlfforoat dorlratlroa. Frorlooa osaalaatloas 
of a fow of thoao phoa^nM-ea«o syataaa by 1» W h  aothods haa allowod 
dotoiBlaatloa of tho phoaphorua aad soao of tho earboa chaalcal ahlft 
data aad aoaa *J(F,C). loworar with tho aao of *D I«« aaalyala cal­
c i  at loo of aeat earboa aad hydropoa ehaaleal ohlfta aad “jiF.C) aad 
*J(F,«) ahoald bo poaolblo.
8.8 8-llorborarl Fboaphorwa Darlratlwoa
for tho 8-aorborayl phoaphorus dorlratlroo, a alxtoro of «to aad 
a,«, iooaoro la osaally prodaeod. Bowowor thoao aro oftoa ebtalaod 
jn Xow ylold aad aro waxy alr-aoaoltlwo oils, aad Isolatlea aad/or 
aoparatloa of *la«lo laoaars was oxtraaoly dlfflealt aad la aoat eaaos 
aot atta^tod as rolatlroly lar«o «oaatltlos wore aaodod for tho 8D 
m m  aaalyala. thus a alxtoro of oxo aad oado laaaara of a dorlratlwo 
woro aaalysod to«othar la tholr eorroopeadla« roaatloa ratios. Ororall 
the « »  laoaar la foraad proforoatlally la thoao systoas with aa «to: 
aaSo ratio la aoat eaaos of 8 :1 or aoro. this thea «aro a way of
asslpaaoat botweoa tho two Iseaors aa tho oxo laoaor has
8 7
craatar lataaaltlaa. aapaelally alalbla la tha 
Am aaaavla !• «b»*"»
31 1*/.p and the C
apeetra.
FI. 3 1-1 w  «- ” c w  »• -1^*« of Í5* —  «SÄ
*■ 1-MrbeniTl dlbro« pbeepblaea
31F - 31.3
H m  baals ot M  to «k«tk«r tk* l«o«»r ••• •**
T— Mll*« npok tk* MgkMata v«t fortk by ^ 1«^® ■•r* It wmm
eeggeet«4 tkat rao kaj b# «sblalMd by tb* faet that tb«r«
la laaa eraiiikii« *r«i tha C, hydrefaa f T W
dnwea aad thua tha graatar abtltty ta aaeaaaoiita aabatttuaata.
•karaaa ta tba aaéo laokar, graatar atarte eroadiag la produead by tha 
C, bydragaa. wkleh ta phyaleally anek eloaar to tka rabatltuaat atta. 
Aa «saagla of tbta eaa ba aaaa ta ttmetura d. dtatlarly, a phoaphorvs
■traetura
orar t* a phoaphorua aabatttaaat aao attuatad ta tba a«o otta tha C,
•oold ba laoa aftaetad. Tbta atarte eroadtag bakartoor ta watt kaot*
{or Buelat aad tkto aaa ahoaa ta tha eaaa for tka ebaateal ahtft
10data tor tha S-aatkyl tsaaara wkaa acaparad ta Borbaraaaa 8aa
Taaia a.»-l. Qoto^® atataa that atarte erawdtag af tba phoapharaa by 
X earboBO eauaaa statlar ahtfta aa aooa for atgaala. Tha aaalyata 
waa ehoekod by prapartag aoaa of tha aaaa eoapouada aa Quta and 
aaaaurtag tbatr and ebaateal ahtfta. Thaae ara tabulatad ta 
Tablea a .a -a  aad a .a -3 . Aa eaa ba aaaa, no aajor dtaeropaactoa ara 
Botad, aa tt aaa praauaod that thta abalgnaant aaa eorraet. Thta 
tatarpratattoa thua forMd a baata to tatarprat aad aaatgn tha taoMra 
of aaa dartaattaoa.
•9
Tabl« *.*-1 Oi«iae*l »Iiift dmt» for «o, siS.
l-aatkyl Bortoonan« aad aorbonaM*
*/P*«
Cafboa
a-aathyl actrboraaaa aorboraaaaPoaltloa
aathyl aaa aathyl aado
«1
da.8 - 36.6
«a
30.8 36.6 30.1
«3 do.a
36.0 30.1
Cd
37.8 38.3 36.6
c . 39.0 30.6 30.18
«6
30.3 80.d 30.1
«7
38.0 dO.7 36.7
Ha aa.3 17.d •
• Takaa froa raf. (10)
Tabla a .a - i  CoaMTlaaa oí " p  lOa ebaaleal ahlfta aad ra^tloa 
ratloa la aoaa a-aorborayl phoaphorua dariaatlaaa
S/nm “ aao:aado
P •SO aado '
ratIO
aubatitaaat
aapt. Llt.« aapt. Llt.* aapt. Llt.*
-PCI, ♦186.0 ♦167.8 ♦lOd.6 ♦106.8 -8.8 -0.3
-PClBr ♦163.0 ♦163.0 ♦101.7 ♦101.3 -7.6 -7.d
-P(MaO), ♦163.8 ♦168.3 ♦100.0 ♦103.d -6.8 -7.1
a la ppa, poaltiaa to hi(h fraauaaey ol SS% «jPO^ - 0.0 ppa. 
b takaa froa raf (10) _____
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»■gwyltiy •£ i’c M B
IB tk* itm cmmmm wh«M •ICMkla ooald aot b* rcadlljr d*n««tr*t»d 
to bolooc to tho M B  •' Jttte loooor. ool, ‘l) «oeoo»U>«
•i^rlaooto ooro ^rfotaod. Ihooo ooro Mhlovod by imdlotlac ot tbo 
freiewy ot oao ot tbo pbooyboraa looMro aad oaoboriM tbo ro- 
■oltl^ apoetra to tbo aoiMl apoetrao oo tbo o o m  apoetrol
•i4tb. Tboo tbo pboapboroo roaoaoaoo of tbo otbor laooor ooa Irrodlotod 
aad tbla apoetno woo oloo eoaporod to tbo aorool '*C{hl> opootroo. It
vsa fooalblo to do tbla boeaoao tho pboopboruo ebaaleol ablft dlfloroooo 
botwoM tbo two wwo/Omdo laoMra, to ooo bo oattaatod froo Tablo 1.1-4, 
worn aboot • ppa, wblob at raaoaaaea froqiiaaey of M.l MU. la aboat 
100 la apart. for aaaploa wbaro tba ebaaleal ablft dlfforoaeoo ooro 
Mbllor, loao tbaa aay 4 ppa (oa. ISO la), tbo aoparatloo waa aot aa food, 
looowor It worn atUl poaalbla to dotaet tbo oabaaeod alsaalt orlolao 
(r«a tbo *^»^lrradlatod loaaor. ri|. 1.1-S obotra aa aaaaplo of aao aad 
oado 1-aofborayl bla(dlotbylaalao) pboopblaoa. la aa m:aato ratio of 
1 :1 , wbora tbo eboaleal ablft dltforoaeoa batwoaa tbo aao/oade pboa- 
pboma laoaor roaoaaacoa waa oaly 1 .1 pya (ca. 76 la). loro tbo rod 
aarklaga obow two eoapllapa arlalag froa tba aado laoaor. Tbo groaa 
aarklag abowa eowplla« froa tbo aao laoaor.
1.1.1 A falaa laauoaeo, _for_a_»
¿(P,C)_{^ll i-rpaoirod_fcporiBaot^
13.la ayataaa aoeh aa tbo aorborayl eagaa, aany * C raaoaaaeoa froa 
anP laoaora abaorb la a aaall ebaaleal ablft raago aad
eeteealwe oworlap aay roault. To allawlata tbla partleular probloa wo 
propoao tbo uao of a two-dlaaoalooal J-raeolwod osporlaoat. Tho two 
Oiaeaaloawllty of thla tochalquo will allow aaporatloea of thoao owor- 
lappod eaiboa roaoaaaeoa If a “ c{” p,^H) wa J(P.C) {^D foraat la uaad.
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ŸS
■•r* tiM •pMtruB wUl 11« aloM tk* asla u d  tka eorraa-
POk^lk* *^(r,C) aUl k« aloM tk* «tswlee. «Mouplli« la 
•ffaetad «loa« kotk asaa. Tka kaala aafarlaakt la tkat of a a»la-aoko 
aa« tka aa^aaaca la akoaa la r ig . l.S-3. If tkla aagaaaea la eoaparad
r ig . t.3-3  Tka 30 ralaa gaqaaaea for ^*C(*^r) ra /(r,C)
^-roaelrad Isparlaaat wltk 
la latk Dlaoaaloaa
Dacoagilag
1.Note; H decoupling o ccu ra  In both dlm anaiona 
SIb D«c.
I I
«Ith tka va J-raaolrad aoquaaea la rig. 1.5-14(3], It
will be aoaa tkat a alapla but uaaful aodlfloatloa baa baaa aada to
aaooapaaa the hataroaualaar ayataa. Thla la to gate tha
latoraal Jnat provloua to tha rofoeuaalag polaa ahleh la M P U o d  to the 
13C obaorrod aplaa. Thla «111 alloo aa latarohaago of tha apla labala 
aaaoelatod with tha dlffaroat apla atataa of tka pkoaphoraa. Thna whaa 
thla oeeara, tha r^ dlaaaaloa will eoatala tha bataToaoelaar eoupllag 
ooaataata f(^r-^*C). Protoa deeoupllag la kept on all tha tlaa to 
allow daooupllag along both axaa. Tha two-4luanaloaal apaetrua la
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Mkl«T«d la tiM M*aal «aj, u  «laouMad la taetloa l.S.S, sad am
----r^~ at a ID ataak »lat la ahaaa U  r i« . S.I-4{A] aa a aaavia at
m w  aa« aa«a S-aerDareyl «lahlara phaapklaaa. Tlia aaraal apactraa 
tar tha saaa aMDla la ahaaa balaa It, la r ig .  t.t-4[D]. t( l,C )  
aaagllaga tar aaeh aaaaelata« aaihaa aaa ha aaaily laalata« hjr taklag 
«ata allaaa alaag tha «iaaaatea oa tha raaaaaaca ar rlrtaally, aa 
aaa ha aaaa, aaa ha raa« att tha ataah glat. Alaa prajaattaaa aaf ba 
takae alaag tha aala ta jtal« tha «aaaopla« apaatrva.
■aaaa, thla la a paaartal taahalgaa aa It allaaa aaay alarltlaatlaa at 
iBltlal aaal^aata thrau^ aaaplla« aa«altB«aa tar alataraa at laoaara 
ahlab ara aa«ataialaabla hjr ID attaak.
1.1.3
«arlratlt
_ r  JjM Da^ajat U a  S-S^rhaiapl _rho#p^riu 
«ata tar tha rarlaoa prapara« l-aarbanpl
Darlratlaaa
ara «Iraa la Tahla 1.1-4. OaaaraUj, tha V ahf taal ahltt
tahla ta ratlaat tha ararall ti aapaeta« tar
shltt data la taraa at tha attaata at «Ittaraat aahatltuaata.
pla, gala -PCI. to to .thaaa aOhatl-
taaata ahoa tho ehaalaal ahltt to ta laaar trogoaaop.
«Ittlanltp arlaaa aa trlaa ta latarprot «Ittar aa hataaaa
ra tar a at Par pla, tor
atltaaata -P(g)llo,, tha raloa at t j J  *•
41.0
paaltlaa
apaatlraly, aiwgaatlag that tha graatar oraadlag at tha
a ahltt to loaor tragaaaap •1th
athar othar aabatltaaata auah tha rlaa
-PCI.
ta
-PDrCl, -P«Ma), -P(0)(0Ha), ladloata tha appealta
prapaaa a
Tfiaaa «Ittar
attaat to
la ( 5 aao-aa«o] havo la« 4ala at al
10 to
at «ark: ■trloal taatara ahleh
arlaa troa aubtla aolaoular «Itfaraaaaa ralata« to paraaatara auoh
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Tmbl« 1.1-4 ■ ■  Ch«Uo«l thlfta ol
fkoapiMraa
I-Morbonyl/
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homé tm* t A M l M  aaclM. ">* I* o* th. 1-
•Mtonrl M t f r m t  ” p ákltt *tUct» «t tte « o  or «do
fooltioao o o M  to ohov o e o A l M t l M  o< botk.
fo xrj to — torotood tko rooooo oo to ofcy fcotk oootrlfcotlooo m t  bo 
fOMlklo. O M  hao to ooMldor tho «otoUod st««etwro of tho km
thoro hoo booo vorj llmltoO oork la tklo oroo mt oboalotry oo4 oo thooo 
olr-ooMlttoo mrw— —  tboaoolooo Tory oooUy to errotol
otroetoro «otorolootiOM, rory foo tero booo «ooo. Tho ooot ooofol ooo. 
thot of w  e-<S-*>i*or*il) boooo«14o‘®'‘* teo hooo oood oo o teolo for 
ooleolotioo of 00(100 oaá to olooolloo tho toroloo ooglo tfopoodooeo. lo 
tko — Oo looaor tho toroloo oo«lo hotoooo tho hyOree«* tho w d e  
HhiioQhoroo ot fooitloo lo twloo thot «hloh ooeoro whoo tho phoophomo 
lo lo tho Cj oa» pooltloo, tt.o.lo tho ooo loooor). thuo looor 
frofoooep ohlfto ooooolotod olth tho ‘b«*» 007 ho tho rooolt of 
grootor proololtj to thlo x. hydrofoo.
■oooTor, tho I 5^ ] ool«M lo Tohlo a.t-4 rofloeto thot If’ooo-oo4o
thoro lo o iionoi gooootrlo lotoroetloo thoo hoth lotorootlooo oro 
ootlro togothor. for ooooplo, otorie oooproooloo offoeto deolooto for 
-ihOg, -KOHOfh), ood -P(t)hOg oohotltoooto «horooo for -fCl,. -fhr,. 
aad -*(M4y tho oooood (ooootrlcol offoot 00000 to provoll. for 
-f(0)(OMo)g 00« «*««•• thoro lo o boloaeo hotoooa tho too
offoeto. It lo oot eloor froo thlo doto «hloh offoot tfoolootoo tho 
othor. Thlo tohlo oleo 00000 to rofloot thot for ooot eahotltooote 
tho •oooetrto offoot le tho ooo ooot lUolf to prodoolooto.
« • d ; Ooto
llM ^*C ood ^  m i  «oto oro «l««o la Tohloo 0.0-1 to 0.0-li|*^ *■
tho nnoff— -  «ood 1« thlo thoole taro ooopllooto« etroetoroo wlth olí 
eerhooa om«l«d to phoophomo oo« oro ohtolood ee oae:oa«e olaturoo,
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„..t « r .  i- m  p«rtl«a«r c H h«  1.
U .
p r ^ t ^  »> » . ^ 1-  «  *•*— “ ' W r t i —  it i.lrly
t. Id-tif, tk. « M 1K-. h.X-^1.« f  . p « t l « a «  l - » r .  1. tfc.
c -  ••.r, - -  l - « t U i ^ » l «  4 1 « U - t .  .
C<«ld b. «. -  U .  S £  .r - É O  ^
-«.«pl-. Tb* t— “ C
.Itb tb. .o«.! ” C .P-t«-. b. d— rlMd i. M c t l «  I.S.l.i f
b, tb. -...«. •* <-Pii- •“ <* •*«-*• *• *•*•
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partorMd to elarlty m m  of thm eaarlMPia« coy^lla«« orlglDattas 
froa partleularly choam ^*C raaoaaaoaa, aa daaerlb#4 yraaleualy la
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Pie. 1.1-4. liti thla asparlaaat alaar iataryntatiaa af C N B  
ahaaiaal ahlfta aaall ba aa4a aa bara all tka P-G aaayllaca Ila alaag 
tba fj «iMaalaa aklla a ‘*C{” p,*l> apaatna llaa alaa« tha P,. laBea 
tiM «ataralaatlOB at tha aalaaa af *J(P,C) baaaaa tha alapla taak af 
raadlac aff tha eaupllac aoaataata hy taklag data allaaa alaac tha P^  ^
dlaaaalaa af tha appropriata aaalsaad aarhoa la tha 10 J-apaatnia.
Plg. 1.*-» A CAI a«4 a [1 ] W l  Ipaetra»
af aae.aado 1-aarhorayl dlahloro phoaphlaoa
Fig. 2.2-6 Hydrug«» Raaonancet in the 90 eroea eectlone 
of the F Oimenelon which correspond to thesia 
L  csr'j
--------
'joii signals in the F^ OlmcriHion
-------nAv
-a A - I jl.
*CI
EXO
C4
C4
C 5
«=5
\ _____ _____
240 o Hz
l Oi
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To «otoialM tuo «Moicol rtlito of tho too tooMro. • ÍD C/ H 
shift corrslstod w^orlasot was porfotM« with hoMmuelosr broodbaod 
doeooplla« U  both dlMSSlou (•oettoa l.S.B.«, »1*. Tbo doto
array was ebosoo to baro a l a l M  syoetral oldtbo la both tbo earboa aad 
bydro«oa spoetra sobjoet to ooatalalac « U  aocossary rosoaaaeos.
Ibis orna doao to optlaloo tbo digitai rosolutloo la tbo aad F, 
dlatatlTii- aad to alalalso tbo eoaputatloa tlao, by uslag tbo alalaya 
BMbor of data pelata la oaeb dlaaasloa. Tbo bydrogoa roaoaaaeos la 
tho data alíeos of tbo Fj dlasosloa obleb eorrospoad to tbo earboa alg- 
aals la tbo F^ aro sbooa la Flg. 1.1-d. For tbo C^, aad Cj slgaals 
tbo bydrogoa ebaaleal shifts aay bo readily dotoralaod by tablag tbo 
aoaa of tbo CF^ aad tbo CF^  ^slleos la tbo F^ dlaaasloa. Also tbo 
dlfforoaeo boro la tbo J(F,«> eoupllag. For alíeos arlslag froa 
earbeas C,. C^, aad C,, AB gaartots aro sbooa, daaoastratlag eoupllag 
botoooa iBOguloaloat bydrogoas la a Olj group. (This tboa allow a 
further oboeb as to tbo asslgaaoat of tho partleular earboa aad bydrogoa.) 
Ceaploa aaalysls as outllaod la »oetloo a.1.3.8 oas ladloldually porforaod 
oa oaeb CF aad CF. allea. This yielded too offoctlro bydrogoa ebaaleal
H . f i.
shifts, aad for oaeb of the CP^ aad CPg slleos. Tboa tbo 
dlffor«a>o botoooa olii bo tbo J(F,b) eoupllag for
aad tbo true ebaaleal shift olii ba tbo aoaa froquoaey botoooa those 
p^ g^ aad F^ roaoaaaeos aleag tbo dlaoasloa. Llboolso esleulatloa 
of J(F,b|> aad Ap la porforaod. A saaplo calculatloa oas proolously 
sbooa U  Flg. I.l-T for tbo Cj earboa of this saaplo.
Tbo bbb spaetrua lo sbooa la Plg. 2.3-7(A). As cao bo sooo, 
la tboso oory eoaplox systaaa oooa though latoaslty dlfforoacos oalot 
botoooa ojs ««A »»AO isoaors, there Is still difficulty la proper asslga- 
aoat of spoetra. This Is largely because apart froa tho
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rMoaaac« tiM ekaaleal aklft rasf« of th« norbonjrl oyotoo 1* ooly c«.
If Pf«. A eoavooloot aolottoo to tkia «oa tko imo of tko OAtH 
•ofiiooeo, dooerlkod to •oettoa l.S.1.3, to Alotiofolak botvooo oad
(roopo ta tko ktepelte rtof. Tko roaalttag apoetrua ta akoaa ta 
r tf. faro tko Oto aro aataatoa pkaaoA aad tka CR^a ara
akaorpttoa pkaaod.
Ptf. 8.8-7 A 10 aoraal (A] aad a 0A8PI (■] RMK Spoetroa
of oao. oado 8-oorborapl dtbroao pkoapktaoa
TIm  eh«al«al akKts vara dataraiaad by aaa of a tO 
kataroaaelaar shltt eorralatlaa aa^aavca aa Baaerlbad la Baetloo l.S.2.3, 
ri«. l.B-ll. Baeh al«»al la apltt lato «ooblato by aad
aaeb llaa ylaléa Ito ova yrotoo craoa-aoatloa la tba IB ayoetroo. Tbo 
otfaetlaa yrotoo ebaaleal oblfta ara mam glvao by <(■) • i 
aa« tbla la abaoo for tba aaa laeaar la r ig .  Tbo IB Itaob
not la ahooB la rig. I.I-«[B]. Bata raaulta« fraa ooeb osporlooata 
yarforoad oa a olatnra ef aao aad an«o toraa. Aa eaa ba aaaa froa Flg.
l«aatltleatloa of laoqolvaloat aatbylaoa «reoya la aaay. Tba 
▼aloaa of vara «ataralao« by tabla« tba ayyroyrlata «Iffaraaea
batvaaa thalr raayaetlra «laaoalooal «ata alleaa.
Bao aa« «a«o 1-aorborayl broaoobloro pboayblaaa [111 
Tba «MB ayaetruB lo aayaeta« to baaa four llaaa arlóla« froa 
tba ■ aao aa« aa«o foraa aa« tba I aao aa« aa«o foraa «a aboaa la
31•truetora 7 aa tba yhoayboroa atoa abool« ba oblral. Bovarar, tba P
Stmotura 7
C l ^  \ \
BBB oyaotrva abova la Pl«. I.l-BIA] ao««oBta that oaly two foraa la aa 
aao;aa«o ratlo of S :1 aslat. It la yoaalbla that tbo eblorlaa aad 
bioalaa ara aot «laalallar aaoo«h to yroaoto offoetlra oblrallty oa tbo 
yboayhoma. BMB avl«oaoo auyyorta tbla yraalaa aa oaly two aajor
laoaora - oaa aao aa« eaa aado - ara yraaaat. Tbla la abova la Pl«. 
13/.I.3-9CB]. C aaali
OABPB yulaa aaquaaea rrd by eoayarlaoa vlth coapoueda (11) aad (13) aad 
vith alallar eoapouada prayarad by Qula^®. A 3D hataroauelaar
104
Cl
/»
A _______________
'*1
r *
i ____________________
_ A k ^ _
C3
_____
C3
-------h
450”
’H H t
rig. a.a-4[A]
90* OXQ OaUMairi« SUMS of a *C/'H HM«anuci«v SMI Corrtlalcd ?0 
NMR Spectrum Of m  t-aorbonjrl dibroaeptoapblM
105

■ktft o * m l a t U a  n»*rlMat jriclM tk« kjr«lr«tMi «kMleal akifta aad 
tka aalkaa öt "j(r,l). D«a ta tk# laatakllity ef tka nn^naa« at 
iwaa taaparatwa aa« laa prapartiaaa a( tka aaka «ata la tka atataia, 
aaly llaita« kjteagaa akalyaU aas paaaikla (ar tkls taaaar.
rt«. A ’S[A] aa« ^’c{4} {•] M l  •paetraa a< a alstata
•< — a. aada 1-aaikatapl ktaaaeklata
l-aotkaratl «laatkrl akoaakltaa IlTI
^  ~VC<Ma)| «arlaatlva tka tao aatkoay earboaa attaeka« ta tka 
pkospkaraa ataa ata raadarad aoa-a«ulvalaat by ehlrallty *t tka aorbomyl 
earbaa, aad saparats daablats ara aaaa for aaoh aathasy creap ot tka 
axe aad tka aado Isoaars. Baaea alght llaaa ara aspaetad la tka ^ 4  
apaatraa. Tka paak aaparatloa la aaall haaatar aad akly taar llaaa ean
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b* rwolTbd at Sl.S IMs. Tkis la abova la r ig .  a.a-10(A]. A aa.9 MHb 
apaetM vaa abtalaa« aaá at Uta tUlA atraagth tha foar w m  algaala 
ara alaarlj abaaa aaA thiaa af tha faar aa4e algaala eaa ha aaaa. Thla 
asgaaalaa U  laetaAaé U  Flg. a.a-lOC*]. aaalgaraaata aara aa4a aa
tha haala af ooaparlaaa vtth raaalta ahtalaaf hy Oata’^* aaá aara chachad 
hy aaa af tha OAIK palca aagaaaaa. *f(P.C) aara ácáacad fra« tha 1»
13.C apactraa. A SP ahift aerralatlaa aaparlaaat ytaldaá tha
ehaalcal ahlfta aaá tha valaaa af *J(P,I> far tha ccapoaaá.
Flg. ».1-10 (A) A NMO apactraa of a alstara af «w, cada
S-Borborayl dlaathyl phaaphltaa at tt.S IHa aad 
(■) Aa aspaaalea af tha Mathray ragloa at dt.» M b
[3 ]
«JÜi
-■.... I.....t-
SI .0 *1 9 . 0 ‘I? .0
Zj_U
80
ai.B MHa
28 ppnn
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is t i. le tl41
ta lF  tke m e  tke««h Mtekle, vae fenwtf elMe pàeepàwee
trleklorie* waa rMotal wltk n o  BoiWni-l-el. Tkla aegeeete tkat thè 
eeketlteeet, tkeMk klghlj eeetlaal, eeeM keee a laaa raatrlatad 
ratatlm U  tka m d  poaltlea aa4 aa a raaalt tka raaatlaa la ataaae 
*V**^^^** B** 1* Ut* laataklllty af tkla aaagaaaé at raaa taaperataaa,
ealy aaalyala aoald ba parterMd. A OAgPI aa«aaaea waa aaad to 
dlftaraatlata katwaaa tka CI aad tka CI, raaoaaaaaa and a ^*C{*S,4} 
deakla raaaaaaaa apaatraa allawad aaalgaaaat aad aatlaatlaa af tka walaaa 
at J(I,C). Coaparlaea wltk ethar alallar aaaplaa raaaltad la tka 
prapeaad ^*C aaalgawMata.
*■ “^<llt,), darlwatlwa, tka two dlatkytaalM giaapa ara aoa-
agalwalaat, dea ta eklrallty at tka aarkarayl C, aarkaa, aad aaparata 
doablata ara aaaa ter aaek et tka ■atkylaaa aad aatkyl earkaaa at katk 
1^* *k^ — do laoaora. Tkla aaa ba llloatratod aa Binar laago
la Straetara •. laaeo alght llaoa ara aspaetad far aaek at tka
m irra r
•traeturw •
N B ,
N B ,
groapa la tka *^C mi apoetrua. Aa tka raaaaaaeaa at tka 
CI, aad tka CI, groapa oeear wltkla a aaall ohaaleal ahltt raaga aad 
tka poak aaparattoaa ara aaall, aalaetlva phoapkoraa daeoapllag aaparl- 
■— la wara partaraad ta apparata tka algaala ^ka aaa traa tka aado 
la— *')** prorloaaly daaoaatratad la Sactloa 1.3.1, Plg. 3.3-1. A 0A3P3 
aaparlBoat waa partoiaad on tka ^^C apoetrua to aaalga tka CI, aad CH
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gro«f« U  tb« aoibbnifl rtag* A M. »  HNR a ^ t n a  allowad final
aaparatlM of tlM Alotkylaatno ehaaleal ahltta an« tfatorataatloa of tho 
MooelatoA 000*110« ooaataata.
Aa oaa bo aoaa la VI«. •.t-ii tbo ID avoetraa allooa oo foaalblo 
aaal«aaaata of aay «rotoa oboaieal ablfta. Daaea a DO ^*C/^ ablft 
oorrolatloa aa*orlaoot oltb boaoaueloar brooAbaad «oeoaplla« la botb 
Alaaaaloaa oaa oadartakaa to olnoldato bjrdro«aa ebaaleal ablfta aad tbo 
oalaoa of *J(V,l).
Fl«, t.t-11 ■ MDR Spoetiua of oao. ondo t-aorborayl
bla(dlothylaalao) pboapblaoa
lao aad lado 1-aorborayl cbloro pboayl aboaablaoa Cl«l 
la ^^«* S.t~ll tbo MMR apoetrua abowa tbo tour laoaora troa a 
roaetloo of dlebloro phonyl pboapbloa oltb tbo l-aorbomyl Qrliaard 
roacoat. Tblo foaturo arlaoa boeauao tbo earboa oa tbo aorborayl 
rla« la oblral. Thla olii «loo riaa to botb R aad 8 oxo, and R and 8 
aaAo laoaora. Attaaptod aoparatloo of tbo laoaara proved unauccoaaful
aad bañe« only «courat* ebeeleal sbtfta eeald ba obtalaad.
Plg. 3.a-lt M M  et a Blatare et eae. eade t-aerberayl
l»e aad lade 1-aerberayl l.»-dltblel pbeaahelaaea t«ll
The CASPI aequeaea waa usad te tdeatlty tbe CH aad CHj raaeaaaeaa 
la tbe apaetrva. ladivldaal C« aad CH, ^*C aaalgaMata aere 
iaterrad by eoapariaea wltb etber stallar eaapeuads aad wltb tbeae 
preparad by Quia et_al^®. J(P,C) eeuplla«a wäre aaally read ett tbe 
^^C spactruB aad tbelr aagaltudes wäre eoapared wltb thosa et etbar 
coapouads ot thls typa. A ^’c/ h sbltt cerrelatloa axparlaaat was 
parforaad to glwa tba relatad bydregaa cbaaleal sblfts aad tba aaaeelatad 
valúas ot “j(P,H). Data pattaras are stallar te tbeae sbowa ter etbar 
c<wpounds of thm
Tba attaet et sulpbur Is te dasblald tba aerborayl ria* aad aa caa 
ba seea aa ovarall sbltt to blgb trequaaey ot both tba carboa aad bydro- 
gaa cbaaleal abltta raaults. Tbls la ratlaetad ln tba caaa ot tbe C, 
carbón ln tba coapouad, as tba ^*C resonaaca Is at 48 ppa. Tba two 
aethylana earboas C, la tba tlva aaabarad 1,3-dlthlol phospholsne ring 
Show llkawlse a proaouaead carboa sbltt of 56 ppa. Thls high traquaacy 
shlft can ba aaslly aaan ln tba Stack Plot glvan ln Flg. 2.2-13.
in


•1.9 M b . oaly tlM tBBO-CBi»o—  ara MselvBd. Otk«r aroaatie ai«sala 
«ara la taa uaraaalaaé elaatan at 1M.9 to IM.l ppa aad 133.S ta
134.3 fpm. Tka propaaad aad ekaaleal akift aad pteapdoraa 
ooapllac data raaalt froa ID aad SO aaparlaaata.
l-aorborarl dlaattol aOoapOlaaa tldl
•tallar ID MOK analpaas vara earrlad aut aa pravlaualp aboaa for 
tlw othar darlvatlvas la tkla aarlas at coapounda. OaBaasa of tlMlr 
piaat aaasltlvltp to alr. laelatlea at tha coapauad aaa dlttlealt aad 
ao SO M S  aulpala oould ba oadartakaa as aattlelaat aatarlal ama
aaavallabla. 13.C aaatgnaaata vara basad oa tha aaa# praparad
by QuU at al*^ aad tba osa ot a 10 OáSFI aaslpa aaquaaoa aapportad 
tbla aaalgaaaat. •laea tha poaltlaa oa tha aoihorayl rlag la ^Iral, 
tha tvo aathyl groapa attaehad to tha phoaphoraa atoa aro aea-oqolvaloat. 
Thua ter tho -M*, taaotlea, aoporato doahlota aro aooa ter oaoh ot tho 
aothyla ot hoth oao oad oado Isoaoro la tho oarhoa spootioa. Tho 
volaos ot *3(0,C) vara aaaaurad troa tha apaotrua. Tha ID 
spaotraa ravaalad ahsorptloas la tha 0.9 to 3.3 ppa raago though ao 
laolatod dioaloal shltta oould ba saas ovaa at 300 lOU.
3.3.4.1 chaaloal ahltta
Haay ayataaa hava haaa davlsad la ahloh oao partloalar taatura aay 
aaka a doalaaat eoatrlhatloa ta tho ovarall soraaalag eoaatsat, ao that 
ooaolualoas aay ha draoa to oluoldato tha aoohaalaa ot latraaolaoalar 
aobatltoaat attaata. la thla raspaot, tha oboloa ot tha ohoorvod 
auolaaa la aeot erltleal. aaelal ara aatraaaly aaaaltlva to tha
olootroalo aavlreaaaat vhloh la ratlaotod by tholr largo ehialaal sbltt
raago, oa. 900 ppa. Tha advoat ot Faurlar traaatora aaohlaoa has aado
L 13taaalbla tha raaalag supon) quallty routlao C HMR spaotra, aad
... continuad on paga 12d 
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Tabl* l.a-4 u d  NOI Dmta of bo, laOo l-•OI0orB]r>'
dlkroao pheapklBoa [1 1 ]
[A] Cliooloil Ihifto
t ^ / p m
»ooltla»
fhoophoroa Voolttoo beepbrms boltlo«bb^lybofOM-.
b o bOo 0-A b o bdo b o bd.
C. 40.Tf 41.00 -0.31 HA 1.00 1.04 HA
C- M.tT 03.07 1 .30 HA 3.03 3.10 HA
C, M.43 37.03 -0 .0 1.03 1.73 3.13 1.41
ST.M 30.30 -0.30 HA 3.40 3.41 HA
C- n . M 30.77 -1.43 1.0 1 1.31 3.03 3.03
C- sa.M 37.13 0.33 1.74 1.40 1.04 1 .10
C_ M . M 41.73 -3.13 3.30 3.71 1.43 1.03
J
[■]
*J(r,C)/Hs ■j(r,3)/is
Coiteo
Pooltloo
fkoaphoru bolt loo Pttoaphorua b o  ^ Hjdrocoao:
FoaltlM 
bdo, lydrocaa* s
b o bdo b o bdo b o bdo
S 10.06 11.43 HA 3.1 0.3 HA
Ca 01.10 40.00 HA 3.1 0.3 HA
S 11.43 10.70 0.0 10.0 3.4 0.0
®4 3.74 4.39 HA 1.0 0.4 HA
1.00 3.73 0.0 0.0 0.0 0.0
0.03 27.34 0 .1 0.3 0.4 4.7
3.03 1.00 7.0 0.3 0.0 0.3
1 1 S
Tabi aod M W  Data of bo, 
broaDchloro phoaphlaas {13]
3-aerberar]
[A] Cbaaloal Sbifta
CarboB
Poaltlaa
i ‘«/IPP»
fhoapborua Poalttoo IhoapboiBa bo, Ijdrocaaa ;
Poaitloa
Irdrofoaa:
Beo Eatfo A-A Beo bdo Beo Bado
«1 39.93 41.99 -1.70 MA 3.30 3.33 MA
«3 53.30 53.09 1.14 HA 3.50 3.95 MA
«3 35.59 35.09 0.50 1.43 1.0 - -
37.57 37.93 -0.08 3.09 MA 3.09 HA
39.M 30.13 -1.94 1.35 0.94 - -
31.53 35.19 9.39 1.34 1.03 - -
«7 37.13 45.07 -9.94 1.15 0.99 - -
[B] “J(P,X) T - P B r C I
CarboB
PoaltloB
■j(P,C)/Ha ■j<P,l)/la
Phoapborua Poaltloa PHoapbonta bOfErdrocooo ;
Poaltloa 
bdo, Hydrofooj t
b o bdo Beo Bado Beo Bado
«=1 19.0 7.57 HA 7.0 9.3 HA
‘'b 51.53 48.93 HA 8.7 9.3 HA
14.9 30.03 3.0 5.9 - -
*^ 4 3.75 3.94 0.4 HA 0.3 HA
«=5 2.10 0.25 1.5 0.9 - -
7.30 27.09 0.9 0.2 - -
S 8.79 4.94 1.9 0.9 -
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Tabla t.a-7 aad M »  Data of Eso,
dlebloro phoaphlaaa [13]
•rbenjrl
[A] OMBleal nifta
« “ c/D*.
CarboB
PaaltlHi
Phoaptorua Poaitloa Pboaphoraa B80|8yds«8dd8*
Poatttoa 
■adOy■ydreeoeat
■so lado A-A b o lado b o ■ado
1 38.9B 38.98 0.88 RA 8.89 8.38 NA
a M .M 83.80 1 .10 NA 8.18 8.48 NA
3 33.80 33.78 -0.28 1.37 1.38 1.41 1.48
4 37.38 37.41 -0.08 NA - 8.37 NA
s 88.93 39.98 -1.08 1.38 1 .0 1.88 1.88
a 31.87 88.88 8.48 1.43 1.08 1.43 1.89
7 37.84 40.91 -3.37 1.18 1.18 1.18 1 .0
1
4 7
[B] “j<P,X) 4
“j(P,C)/Ba ■j(P.I)/Na
Caxbea
Poattloa
Pboapborua Poaitloa PNoaphonta Iso^NTdsosoaa;
Poaitloa 
8adOy Hrdrofoaf :
I S O ■ado b o ■ado b o ■ado
«1 18.18 18.08 NA 7.3 3.0 NA
*=a 48.88 43.88 HA 8.4 3.9 NA
«3 14.80 27.80 1 .8 18.0 3.8 1 .2
«4 1.38 3.33 1 .0 NA 0.0 NA
S 1.87 0.3 0.0 0.3 0.3 0.7
*=6 7.7 27.18 8.0 0.0 1.4 8.3
4.7 3.12 4.0 2.9 0.2 1.9
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Tabi* a .M  u 4  MH Data ot b o , tade a-merborayl
«iM thjrl M oaM ltaa  {ITI
lA] Oiaalaa l b it t a
Caiboa
Paaltlaa
1 **C/B*a « ^ / p m
nm&pkoruM fMitlaa ffcMplior— Baaltloa■aOa^BrOrofMaf
WM» ■>40 A-A tso bOe Bxo 8.80
C DI 88.8 - 08 MA 8.08 MA
C, 44.80 48.88 1.08 M 1.84 1.88 MA
c. 81.88 80.80 0.88 1.48 1.80 1.08 1.44
c m DB - 08 MA 08 MA
c. 80.80 80.80 -0.7 1.38 1.08 1.48 1.88
C- 88.40 80.78 8.08 1.48 1.13 - -
c 88.08 41.17 -8.88 1.38 1.0 8.18 8.88
«aia) C- 80.88 80.48 -0.08 3.84 MA 3.38 MA
(OHm-) C- 80.0T 80.78 0.10 3.38 MA 3.30 MA
U> - auaoordad la elaatar bota— 1 38-30 t
08 - aiaaaat la elvMfr «xtaoaa 8.08-8.8 aaa «iti Ma
[B] "J(P,X)
■j (P,C)/Hb ■j(P,M)/Ma
Caztooa PKoaphonts Posttloa
Poaltioa
PhospMrui roBitlom Bse^Mjdrefaaa t Bada^ MBdrofaad ;
Em o Bado Em o Bado b o ' Bado
Ci - 4.8 MA - 8.0 MA
Cj 10.34 17.08 HA 10.1 17.0 MA
Cs 13.88 18.03 8.0 1.0 1.8 1.8
=4 (8.8) (1.8) - - - -
c# 0.0 8.88 0.3 0.8 0.0 0.0
c* 7.40 34.10 3.7 0.2 - -
s 4.78 8.80 1.4 1.0 1.0 0.0
S 8.88 8.88 10.7 HA 10.7 MA
c. 8.88 8.88 10.7 MA 10.7 MA
- Ho ; raportad
HA Hot applleabla
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Tabla a.t-» aad not Data of tso, lado a-aezborarl
bla (dlatbjrlaalao) ptaoapblaaa [IS] 
[A] Cha«leal Shitta
CarbMt Phoaoboma »aattlaa
PaattlM
Pbo#plwrea Po«itloft tae^lpdrofaaa i lada,lydreeeesi
Bbo lado 0-0 txo lado 1X0 bda
c. 39.M 30.00 -0.10 NA 1.70 1.70 NA
C, 40.T3 40.30 0.40 NA 3.04 3.00 NA
«3 14.T4 34.70 -0.00 1.01 1.03 1.13 1.10
C4 3T.11 37.00 -0.00 NA 3.10 3.10 NA
c. 30.03 30.00 -0.47 1.33 1.03 1.31 1.40
c« 33.H 30.41 0.14 1.03 1.17 1.30 3.07
s 31.06 30.37 0.30 3.00 3.00 1.00 1.33
c. 43.10 44.17 -0.31 3.00 NA 3.00 HA
«•’ 43.40 43.74 -0.30 3.00 NA 3.00
HA
C, 14.73 10.00 -1.14 0.03 NA 0.03 NA
C»’ 14.00 10.73 -1.00 0.00 NA 0.00 NA
A
f
ó :
[11 6 4 - - p ( Üi.).
*J(P,C)/la >J(P.I)/la
Catboa PHoapborva PaaltioaFhotpMrtts POXltiPB ba. Nrdrataaa i ladafHrdretaaJtPosltloa
1X0 lado txo lada txo lado
C, 0.00 7.63 NA 4.3 0.0 NA
C, 17.07 10.70 NA 7.4 0.0
NA
C3 10.00 14.00 1.4 0.1 13.4 17.4
c 1.00 1.90 1.4 NA 0.1 HA4
Cj 3.10 0.70 0.0 0.0 <0.3 <0.3
C, 7.13 37.03 0.0 0.3 3.7 0.1
C, 3.07 3.04 0.0 1.3 3.3 <0.3
C, 10.04 10.04 7.0 NA 0.3 NA
®l’ 10.04 10.04 0.3 NA 0.3
NA
C- 10.00 11.33 3.0 NA 3.4 NA
Cf* 10.00 11.33 0.0 HA 1.0 NA
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Tabla l.t-lO aa« 4  MMB Data ot bo, bdo l-aerborajrl
1,3-dlthlel phospholaaas (31]
[A] Cbaalnal ■bitta
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Tabi« t.l-ll aa4 ^1 HMK Data of bo,
1,8-dioaapboapboia««« [ItJ
l-aorbonrl
(A] Ch— i««l Ihift«
« '*C/Nb < ^*/pm
CarbM
PoattlM
Phoapboras Doaltioa fboayborttj »w^l^4r«ea«a t
Dositi««
■B4o,l74*«C««st
b o ■«40 b o ■«40 b o ■aOo
C M . M 43.90 -3.11 M 3.13 3.00 KA
C 49.01 90.13 -1.11 MA 1.90 1.93 HA
C, 39.00 39.13 -1.13 1.19 1.39 1.09 1.44
c 3T.00 37.93 0.17 KA 3.19 3.49 HA
C- 39.94 30.91 -0.97 1.49 1.10 1.49 1.30
c 33.99 39.40 4.33 1.93 1.10 1.49 1.93
c 40.09 49.34 -9.19 3.99 3.40 1.19 1.49
C- 99.94 99.91 0.13 U 3.93 3.49 HA
[■] -J<D.X)
*J(D.C)/Hi ■j<D ,■)/■«
Calte«
Desiti««
Fbeaphorus Doaitioa Dliespber«« lao,lr4reg««at
Doaitioa 
■ b4o, Hydrofoai;
b o Ib4o b o l«4e b o Bade
«1 30.17 13.39 HA 1.0 1.9 HA
s 43.99 40.93 HA 4.9 4.9 HA
«3 13.03 39.97 3.1 0.3 3.7 3.9
«4 4.93 9.40 HA 0.9 0.3 HA
«9 3.0 1.93 0.9 0.9 0.0 0.3
=9 9.0 34.13 4.9 3.9 1.9 4.0
«7 19.33 30.90 3.7 0.9 9.3 3.0
®9 7.94 7.93
IZl
Tabi« «.*-1» ‘*C M é  '■ ■■ Data •« too, «»do 8-aorbornrl
dloaa-o-plMaylo»o phoapboloa [>0]
Tabi« l.t-13 13. hi M  Data «f bo. 3-aofbonyl
dlpbaajl piMaphla«« [14] 
[A] Chaaleal •bitta
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Tabi« S.t- 14 aaà IHt Data «f Eso, lado S-aorborajl dlaathyl
pboapboaodlthleata [SS]
[A] Cbaalcal ttUta
« ‘■/3pa
Carbod
»aaitiMi
horee Poaltlaa fboafboraa BMylpdrotaaa i
Poaltlaa 
■ado^ lydvocaaai
Ivo ■ado 3-A b o Bado b e Bado
Cl 34.3t 33.73 >1.33 ■A 3.43 3.33 MA
c. 43.M 43.33 1.43 ■A 3.03 4.33 MA
«3 3S.4T 30.33 1.34 3.73 3.73 3.33 3.41
C4 M.41 37.31 -1.1 MA 3.43 3.31 MA
c# M.40 33.30 -0.3 DB DB UH DR
c . 31.M 33.33 7.33 DB DB DB DB
«7 3d.M 41.33 -3.03 1.73 1.30 1.33 3.13
C- 30.13 33.33 -3.13 MA 3.30 3.44 MA$ te te
It.Bl 30.33 -0.33 ■A 3.30 3.43 HA
/I
\ •
\r[B1 “j(P.X) 6 z
■j(P,C)/la *J(P.I)/l8
Caztoa PMoapboma Poaltlaa
Poaitlea
Fboepàortts ppeltiea ■a^37drog«aaf ■ad^ BjdrocaaJT
b e ■ado b o ■ado b o ■odo
<=1 <0.3 3.03 MA - 0 .3 HA.
M.31 33.43 ■A MA
«3 3.03 <0.3 3.5 - 4 .4 -
«4 3.73 3.33 HA < 0 .1 ) <0.3) NA
«5 <0.3 <0.3 - - - -
C« 13.33 3.33 - - - -
s <0.3 13.37 - 4.2 - 3.1
C3 33.0 34.33 MA - - HA
33.7 33.7 MA MA
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Tabi* S.f- !• aad MMK Data of Ixo, lado 3-aorbor^l
dlaothjrl phoaphatos [II] 
(*] Chaaieal nitfta
Tabla t.a-1« aa« « ■  Data of Iso.
dlphaayl phoapbataa [13]
3-aorborayl
(A] Chaaleal Siltts
Tabi* •.•-ÌT Chaaleal thlfta aad J(P,C) Oonvlla« Ceastaata
ot aaM^I-aorborayl phaapbeale dlchlorlda (S4]
Casba* •Mitica < ^*C/Na d(F,C)/«s
«1 dt.ld l.S
«• M . M lO.d
«1 M.ld d.d
«d SS.lb d.d
M . M <0.1
M.tl 0.3«
®T 43.as 1.3
Tabi* l .a - l t  ^*C CbMteal Sblfta aad J(P,C) Ceupllac Coaataata of 
ase. aade S-aoiborajrl dlaatbjrl pbeaphlaaa [Id]
« ‘*C/3fa J(P,C)/lB
Carboa
Pbospboroa Pcaltloa 3 - A Fbespboftta FMltlea•aalttoa
Bxo Bade •»»-Md. Bxo Bade
«1 33.10 37.30 0.3 13.43
0.30
«3 44.3 43.4 0.3 3.33 3.34
33.7 33.3 0.1 3.33 11.00
«4 33.38 - - 3.47
-
®6 33.3 33.3 -0.3
0.0 0.0
«3 30.7 33.3 7.1
3.33 33.03
s 33.0 43.3 -7.3
3.30 3.47
«3
13.03 11.73 1.3 14.0 13.0
«3 13.33 13.33 1.3 14.0
13.0
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eartoa akltts kav* kaaa o< g>aat aa# U  daclpkarla« ataraeakaaleal 
proklaaM la rigid kierelle aad aaaj atkar ayataas.
It la aaaraalaat to aaaljaa aakstltnaat atarla aftaata for eaikoa 
ekaalaal aklfts ky tka «ao of a . ^  ^  . aad j tora affaets. aa
alallarly daaorlkad la gaetloa l.d.l.t, agaatloa (l.T], akara tfca Orook 
lattara rafor to tko yasltloa of tko sakatltaoat ralatlra to tka 
auelaaa tkat asparlaaeao tko atarle partuikatlea. Tkaaa ara akoaa la 
Stractara 10[A] for a 1-sakatltatad aoiborayl rlag Aara r ragraaaata 
tka aubstltatsd phoapkorua atea.
'P
Structura 10 [A]
* la ppa, takaa ft
raf. t
[B]
la eoaparlag tka earkoa okaaleal sklfta of S-aorkerayl pkeapkorua 
subatltutad darlratlraa (akoaa la Tablaa [A] of S.S-S to S.S-IB) It la 
latarastlag to asa aorboraaao Itaalf aa a ekaileal aklft staadard (akoaa 
la Straetura 10 [B]). Tka ekaatoal sklft dlffaraaeas for tko ladlrldual 
earboaa (la ppa wltk raapaet to aorboraaae) ara eoapllad for tko P(tll) 
doriratlToa la Tablo S.S-IB.
Of-of facts
Savoral aarkaro'^”^* kaaa aoasurad Of-substltutaat offaots oa 
ehsaleal sklfts la alapla alkaaas aad kavo latorpratad tkalr rasults la 
toras of alaetroaagatlalty affaets - at least for aabatltuaots eoaposad 
of flrat roa alsaants. Coasldoratloa of tka rosalts for a-aorkomyl
Its
phosfkofw k«r« rwreels ooMlatMit treeda with
■^•titatloa la taraa ol alactroaagatlTa attaota far tha Cg earbaa.
Thla la la aaaar« with data traa alallar aabatltatad phaa^raa aoa- 
pewBda glwae hy laaaara* aad Qala*®. Tha « -alfaet af hath « a  aad
•ate i-ahhatltwaata aptaara ta ha larga la hath V(III) aad f W  
Thla la ahawa la a aarhad ahlft al tha oarhaa wail ta high fra«aaaey 
af all tha athar eaihea raaaaaaeaa la tha rlap aad la alaa aaaaelatad 
with a laica walaa af la aaat eaaaa. tha a m  C, llaa ta hlphar
freiaaaey thaa tha m f c  C, eathea. Thla la thawght ta arlaa haoaaaa
fotatloa la alltfitly laaa hladarad la tha a m  fara thaa U  tha a a ^  fam. 
* largar ¿-aharaotar affaet weold thaa ha ahla ta ha lacallaad la tha 
alaetroa yalr aad thU aay gira a allghtly largar eaapraaalaa affaet 
whleh eawaa a straagar daahlaldlag affaet far tha aao eaihaa. Thle 
la alaa aaaapllflad hy a allghtly largar J<F,C) U  «haam fara. Thla 
lataraatlaa la ladleatad yrawlaaaly la gtiwatara C. gaatlaa
ghaa a m r a  alaetraaagatlra greap, 1.a. Cl. Ir, ate, raplaaaa a 
graoy ea tha pheapharwa whlah la gaaaratlag a atarlaally la*Mad hl^ 
fraqaaaey ahlft at tha earhea, aay tha Of-affeet la alwaya
largar. Thaa tha ahaarrad ehaalaal ahlft aay ha ragardad aa tha aaa af 
a aaraal O-affaet ylaa tha chaaga la tha atarle ahlft. Thla atarle 
ahlft aay ha laflaaaaad hy tha hulklaaaa of tha aabatltaaat. Far tha 
g-aerharayl phaayharwa eaaa, whaa oaa pragraaaaa fraa *• **
-F(llgt,)j| m  dlatlaat traada ara ahawa hy tha Cj aaihaa. Thla howavar
imiy ^  giM ta laaafflalaat data aad thua tha laahlllty to aaa awbtla 
dlffaraaeaa la thla araa.
13.'c ^-affaeta
Tha two aaihoaa or C, ara la a g-poaltloa ralatlra to tha 
phoaphorua aahatltoaat at C^. As suggaatod hy QoU^® thaaa aarhoae
itra ahlftad to higher froquoacy hy thla aubatltuaat offaet. howaror,
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Tabl* t.t-lt latotltMat CkMleal Skl£ts
rhoafkanu (Itl) No*ket««BM
tor S-Mibstlttttad
Cubee Peeltlea
SobetlteMte «l
a
®a
•
®3
a____
«4
Y
«8
a
«0
__I____ __I___
(Plweplwrw be)
a.M M.37 O.M 1.10 -0.70 a.M -0.11
PCI, a.ia 34.M 3.M O.M -1.17 1.87 -1.10
PCUr s .ia M.IO 8.40 -l.M -1.03 1.43 -1.87
- 14.a 1.38 - -0.0 1.30 0.38
10.03 4.04 1.01 -0.07 1.48 -0.14
'O a.ia 17.M 0.10 1.10 -0.41 1.83 0.33<3 a.M la.o i 4.0 0.0 -0.8 3.M 1.3'OO a.M 10.33 1.04 -0.0 -0.8 0.1 0.0
ftb. a.4 10 . aa 8.M 1.1 -0.3 1.03 1.8
1.3 14.a 3.0 -1.1 -1.0 0.0 -3.7
(Pheaptoree leOe)
4.M 33.87 0.83 1.88 0.07 -3.07 3.03
PCI, a.oa 33.73 3.40 0.01 -0.13 -4.M 3.31
PClBr 4.M ai.M 4.M 0.03 0.03 -4.04 0.37
1.73 13.aa 0.7 - 0.10 -3.38 3.47
P<*t,), a.oa 10.18 4.00 1.00 0.40 -3.00 -0.4<1 a .14 17.03 0.38 0.74 0.43 -8.88 7.13'O a.o 30.03 0.03 0.7 0.4 -1.01 7.01-OD a.71 10.48 l.M -1.3 -0.7 -4.8 7.0
PPb, a.M 9.80 0.38 1.10 0.31 -4.3 3.0
PUe, 1.0 13.3 3.8 -
■orbonMB«; • b Im m  slgB d«aot< 
t w — CT on «Mbatltutlo»______
I, ralctlT« to
• ahlft te lev
ISO
tk* C eaikee la «11 «•rlvatlTM akaa • «VMtcr «MkUMlac
t h u  tiM Cj aaikea U  tk» m m  i M M r  k « w  llM t* klgkMr fmvaocy 
tkM Cj. Oei^arl^ tk* t«o — oiaakk l aoMn varMla tkat i* m  tk* 
pkMfkafw la orlaatata« la tka paaltlaa aa C^, a giaatar ^-affaet
tmw katk aa« (
akltaaat laei
■ la Takla o« a.k-X«). «a tka balklaaaa 
aliar «Iftaraaeaa ara saaa kataaaa tka 
wa aa« tka aaée C. eaikaa. Tkla la alaa traa (ar tka C.
Tkla aay a
laaa «alr ala kalkr
------ ------------------------ ,
at a ralatlaaakl» kataaaa tka ni p raaalna et
atltaaat ar aa« tka ^«alfaet.
■aaaaar, It aay alar ba tkat tka aaikaaayl rlag aa«ir«ini all^t «la- 
«ertlaa to annnaan«ati tkaaa largar graaga aa« tkat tka «IftarMoa la 
nkialTil ahlft kataaaa tka laoaara raflaeta tkla, ratkar tkaa kalag a 
faaatlaa af tka akkatltaaat Itaalf.
Tka lagortaaea a< atarle lataraetlaaa aa
10- nkaaa aarltla« la aaaaral ata«laa
aaoagtlaa aa« tka atarteally latlaaae 
aaaaa aaally raeagalaakla U  tka «arlaatlaaa ata«la« kara. «Itk a 
ghaapkaiaa aakatltaaat la tka g-gaalUaa aaa« aa a atartlag gaUt.
^*C akaaloal akKta kaa 
Ikla graaaat ata«y la ae 
2  ta«aaa« aklfta ara la aeat
rali Tka C.tkara ara tkraa 2  gealtlaaa C^, aa« ahlak ara
oarkaa gaaltloa la «ar rwaira« «raa tka gkeagkaraa goaltlaa aa« kaaea
llttlr atarle lataraetlea la foaa«. Aaaar«lagly «aalatlaaa «roa tka 
nkral-rtil aklft la aarkaraaaa Itaal« ara aaall «ar katk tka P(lll) aad 
P(T) aa^aaa«a. fer tka aa« earkeaa, tka altaatlaa la rarr 
«l««araat aa« tka aera aapaeta« aa« alaaafcla 2  atarlo Aial«lag latar- 
aetlaaa oeear.
tkaa aa aa«o aakatltaaat la latrodaea« at a «raaatle sbl«t to 
loa «raqaaaey oeeora «or <oa. 4 gga). «ara a larga lataraetlea, la
ISl
th* f o n  of otorle erooOlac. ooeoro botoooo tho ooáo phoofhona (roup 
•■a C^. TMo latoroetloo C oncfco orloatatln) predana aa oapaetod 
■hift to loo fnaaoaep. Tho data la Tabla •.t-lt aana to aanoat 
tbat largor aabotltaoata oa tho phaophania atoa caaoo a groatar 
nhtal mi ahlft ditforoaoo. gooooar, ohaa tho phoophona groog la 
orloatatod ^  oa C, thta largo latoraotloa oith la aot aoaa. Thla 
a^goata that tho phoaphoraa grooga aro loaa hladorod hp la thla 
paaltloa. for tho oppoalto oftoet la aooa. «haa tho pheaphona 
g n ^  la poaltloood pao oa a gnator latoraotloa oooan prodaelag 
aoM aogatlTO ohoaleal ahltta for «oa thoro aro largor aahotl- 
taaata oa tho phoophona atoa. Ihoroaa ohaa tho phofphoraa la oado.
C, la aot affoetod aad ao ohoaleal ahlfta to looor frogaaaey a n  aooa 
for thla earhoa. Thla thaa glroa o good aothod of dlatlagalahlag 
botoooa ohothor a phoaphoraa greap la oao or oado. It ohoald alao ha 
Botlood that ohaa a phoaphoraa aahatltaaat le addod to a atnotan aa
tha ohoaleal ahlfta la tho eago, aa oapoetad, ahlft'. allghtlp to 
high froqaoaep. lo tho f-aorborapl opatoo, thla oloetroalo offoet eoa 
he aooa groeteat oa C, whoa tho aobatltooata oa tho phoaphoraa atoa aro 
olootnaogatloo aad tho group la la tho g n  paaltloa.
1.a.4.a Choaloal ahlft data 
Tho Si ahlft data for tho a-oofhonpl dorloatlooa aro
proaoetod la Tahloa (A] of a .a -S  to a.a-lt. ladlrldoal hpdiogoa 
aaalgnaata w o n  baood oa tho aaolgaaoata aad thoao aon eomlatod
Via tho aD ahlft oorrolatioa oaporlaoat. Beaovor, oraloatloo of tho 
iBdlrldaal ooatrlhutlona to tho total aerooalog eoaataat appoan to ha 
a o n  oooplleatod lo tho eaao of pntoaa thaa for ethar auelol that han 
booo otadlod. hOTortholoaa pnaooaood pntoa ahlfta eaoaad hp raa dar
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«Ml*a (at«ri«> IXX m m m  m i  fc# e»eerre« * ü
It la uaataalaa* *• “ alTa* **••• *••*•• * aartaTayl phaapkaaaa
•«aria aftaata aaa»arl.« Ut. wi«k •****• **
■aitofMM (flaaa la Stiaetaaa lllál m U  aaa»Ua« U  Takla S.S-aoj
- P
ttfaetara 11
aad kr«racaaa
r«r tha Iv*» la KIII) aa« »<») Doaacaaia. taa C, phoa»ho(«a 
aabatltaaata kaaa llttla or ae a«aet aa tfea eataleal aai*t ralatl*# 
to -oiaora.-. OCM-Iaoa af a »  aa« fi«a aaMlltatlaa .«ala aaa-1.
.««.Iflc traad. far tkl. 6 alfaat. » 1 .  1. aroaabUr «a. ta th. 
graat «lataaaa fra. taa C, paaltlaa. tai. la alaa ..«»arta« a, ta. laok 
ar alalaal aaaaat at aaaplla« aa aaaa aa taa a,««w.a. aamally < 1 
rar taa ay«f««aa. la aata F(II1> aa« Kt) aarlTatlT.. ta. 1  .ai.ldU«
^f^t aarla. *«- »• «-P— • W"*'-«-
M«a iii--- «tía alaaat aa«ll«iaia aad tala sa««aata that daaa aat
««itnaata al«.lfl«aatl, t .  ta . l.t.r«itla.a -Ith ta . ,aa.»aa>a. «raap. 
Taa aalF aataaia dlMataaaa la .aaa taa «aaa»aan>a subatltaaat la beaad 
la a ría« aa la iinafr-"- U*-tl) aaaaa ta pradaoa saaa atarle
eaatral » d  «Ira. a ai«a tra«.a»>7 aailt .« ea. 1 fa- *ar ta. h,dra«a. 
la bata aae aad aade laoaara.
1 »
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IIM vfotM C, ahoM tyRleia hlgk ofcwiiBil akifta
•rlslac tram deeàleldlag «(fasta f«r betk F<11I) maé Piti «aapawada. 
Ika Bara aa«a*a4 améa iaa««r kaa tka hlikar (ra^aaaay alcaal far tka
lydreee*. m a  la la a 
at «aatalalag
at vltk r»aalta far «tkar •• ■tltatad
U Ika raXaa af far tha
Cg kyéragaa la aaat aaaaa ara larfar far tka
r(ltl) aad P(T) «arlratlraa.
•r far katk tka
la aaikaraaaa, tka akaalaal akifta ara 1.4« ppa far tka «aa aad
l.M ppa far tka «ado C. kydragaa raapaatlraly. Par all tka pkaapkaraa 
darlratlraa tka kfdra«M raaoaaaaaa aaaarrad fraa l.M to l.Td pfa, 
Tka starla laflaaaaa aa tka ^  «"««t «as akaaat aad tka akaalaal akifta 
far aa laaawr palr rara aaarljr Idaatlaal. Isaarar, sllgkt akifta to 
kl«k fravMaajr aaaarrad far all laeaars sa tka C, kydrofaaa «klak «ara 
la tka saas aosfaraatlaa as tka pkasfkaraa sokstltaMit. Far «aa^^la, 
tka Cj I aado kydrotaa «oald ka kl«k«r la akaalaal aklft tkaa tka 
■ m a  kydrocaa «kaa tka pfcaapkoraa adbatltaaat «as la tka aado 
paaltlaa.
■jrdrogaas aa aad
Dna ta ir««! dlstaaeaa «f tka C, aad kjrdrafaas fraa tka pkos- 
pkonts «a tka C, paaltlaa, llttla akaa««« o( aap akaalaal slgalflsaa«« 
ars (alt la altksr tka «aa or aado laeaars. Tkls la daaeastratad far 
all laaasro U  tka P(lll) aad P(V) aoapoaads skow. ■ararar, la tka 
aasa «kara «ka pkaapkoraa swkstltaaat «aa «ada a klgkar frataaaap 
«koalaal aklft aaald ka tata aa tka C, «oda kjrdracoa «kaa kalkp graupa 
«ara attashad ta tka pkoapkonis.
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■y<ro«i—  o« C,
r i« i TAI« 1 .1-iO, *«» M ill)  Ari»««»«« U« a «  k/trogm
•koM« • 0lM«lc«l Alft «tft«r«M« « * « • » » * ■  *•» ^
thm phMflwfM «AatltM-t «•• 1. t A  «a« pMitlM. T M  «*«r«U tr««l 
A  A  A  M A . r  f m — ,  .« d  1 .  A A  M A A - t  t o r  A l k r  « A « A . r A  
•AatltMBt«. tfcl« »rwlAd thm • «l««r mir «*
«Al««l«C t A  «f t A  pAapAn» f«Ap. to» MT) «PAlA. Al«
•kl<« A  hi«k *ra,«Aep «tlU «PArAt I A . A  t A  A . . Ì A A  ~  -«eh
aullA.
1.P.4.S OoAarlM- of eo«PllA
to to£tot*itÄ
f  «Ktaad aad eoavl
•hlft A t a  for >1. 19.
at t A  l«fo*-atlA Atharo« f«A t A  eAAeal 
,‘»C « A  «pla-apto eoaplto« ooAta-A "JCPiC) «ad
“#(P,«) A r o  « » l a A .  la r^id hlopoH« «pat«-«, ««eh a  t A  «orArayl
rta*. thop ha»« hoA «ho«« A  A  laralaahlo m  a hAla for daArAaia« 
t A  «ArooehaAoal ApoA«A>o of a a U A  oo-atAt«“ . ThU A t a  la
giAB A  TA1« t»l of a.t-6 to a.a-ia.
^J<P,C) Oao-hoad «pla-apla AAltoga
Ar Mill) oAA««d«, tA Bla« of th« ooAltog oo-atAt la dopoadAt 
„«I tA Artlealar a -affAt AOAlatA -Ith tA aaAtltoAt .rooA 
Ad tA Allltp A  ABCAtAt« a-cAAOtar la tA «lAtrA laaa pair. 
Pith alAtroaoAtlra froapa ««eh a  -PClj «ad -PPr^ , a Ia b  ara 
ea. 40-M A. -Ar«A -Ith aA.tltoAta tAt ara a a  Alkp IIA tha 
.pph, ArlratlA. a a U m « of tha oAar oa. IC-A A  ara foaad for 
J^(P.C,). Ara. tA coAllA« 1« tA «w 1«A«» «f tha P<1II) 
oeapetL« a . fo-d to ha «llAtlP largA thA for A« «do laea««.
toT P(V) ArlratlT«.. fA «~-pto. Ara bA. aada A d  h«u>« a  raal 
patta»« e A  A  dr.» oth.r tha. tha A-hoad ooapXl-1 U  1er,« «.d lo 
Ath of tha C A A  tA  A O  laoaar b A  tha largaat eoupllag.
1ST



s . s
■OM 7-eetbenwayl pkoafhwM «MrirattvM (•tom 1> ttn«t«r« 12) 
«•r* ayBtkMlsad to «xtM« tk« prcllataMy r«lfttla*Al»a «hleh Im t « b««a 
deriva« U  tk* atady af tka 1-aarkerayl pkaaykeias ayataa. Tkla part 
e« tka aark aavarad tka dapwidaaaa ot aad *J(P.I) oaapltaca «a
dlkadral aaglaa, aad tka affaet a« ykeaykoiaa oa tka nkaalaal aklfta ef 
tka aad auelal la tka bleyalia aaca. Tka T-aaikaraaayl aaga 
ayataa aaa alae ba oaaaidarad aa a rlcld atraatura, ar at laaat to ba 
llaltad to a (ara ot laaeo tt la aatlalyatad that
alallar atarla aroodlag attaata aa okaalaal ahltta ahoald ba aypariat.
H.  P
U1 t>]
•traatara 12
laltlal work by Qaia Orata 22 othara
atarla apraaalaa attaata at tka aakatltaaat X 12,C ekaalaal akltta.
»laa kava atediad ahlak lavolva tkla partlaalar
ayata TO taat laltlal abaarvatla ot darlvatlvaa
praparad by
tka aarboraaayl ría«.
tka phoapkaraa 
Tkaaa dittare
at at tka poaltle
aealtorad by
parlap akaalaal ahltta pila« ■taata by
ID 2D atllaad U  Daatlaa 2.1.
iyathaaia by roataa [2t] ta [Ml (Ma leparlaaatal, Chapter 4) gara
a Bletara at a¡ 
tbalr raaotioa 
raaetleaa, aa i
atl la thaaa aaalyaad tocathar la
ratloa. The aati la pratarrad la aoat ot the
la Table 2.2-2.
141

■ éaoo«*lUc «KpcrteMit v u  pvr<enMd. Ihtv v u  uhlvvvd bjr 
entltu« U  S u t l u  S.1.1.
1. 1-1
T-Mbstltutv«
Iwlul m t t a  •( 
fl Dvrlutivu*
14 J
t .a . i » U  7-m
TMLB t.S-B M B  CB— iw1 Shift« of PvapuwB T mortorm^nyf
T - » B «M tU a Proforatioo
m ■ •f • atl 00[ l « f « - M t i l
■ati*
•yaswitl
K i l l )
-  M r , BOa.B 100.0 40.4 1:0 ISO]
-  fC lB r 1B4.B 100.0 40.0 1:4 [37.1
- t a s 1BT.4 100.0 40.0 1:4 [ M l
-  m a 104.3 00. s 40.0 1:3 [ M ]
-  » ( M t p , tS .B OB.O 43.4 1:3 [ M l
-  K lP h B4.0B 70.04 40.0 1:3 [ M l
- < ]
40.B 47.1 43.7 1:3 [ M l
- < ]
40.1 40.0 43.0 1:3 [ M l
- m s - lO .T - 0.0 -1 .0 3:1 [331
-  M « , -01 .0 -0 0 .1 -1 .7 3:1 [341
f t . . / > H
A
BMbatttMat 
B -
Q >
-  B(0> (O M ), BB.S ao.o 44.a 1:3 [ M l
-  P(0) ( 0M l) , 11.00 0.0 44.3 1:3 [ M l
• U m P M l t i U to h l«h  fra^ataoy f r o «  * ^ 4  " 0.0 m
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U m  M K  tet« f*r tk« varloM T-aoikom — yl pkoaphonu 4«rlT«tlTM 
M «  g l r m  im TtM» » . W .  tor« acaU m  »MvloMly Mta«, tfc« ovarall 
trr— - for ’ ahUt teta aro aobstaatlata«, aa« tka aarborBOByl
gTMV kaa aa aorlaaaly yartarktag affaat (a£. Takla 1.4-1, Ckaytar 1). 
laaraaal^ tka alaatreaagativtty a* tea pkoapkona aokatitaaat teaklalte 
tea iikiiiglinraa m 4 a akift ta klgkar fragaaaay raaolta. Ditflaalty 
arlaaa okaa oaa trlaa to latorprat tka «Iftaraaaoa kataaoa a¡m aad aaU 
laoaara far a raaga af ceaigoaaila. For aaaapla, alte alaatraaagatlra 
graaga aaak aa -Fte,. -Fa,. -FClkr, aa4 -FFkCl. largo teffaraaaaa aaaar 
kataaoa ß a  aag aatl taoaara “ •^.4, ««.t, •*4.0, aad ««.O
fga raapaotiaaly akara tka a»a iaoaar Io to klgkor tragiaoey. Tkla aay 
a« Miplalaid fcy aoaoldarlag tka laaa of atarla atraía la aaalag fraa tea 
aatl to tka laaa araated a»a poaltlaa. Tkla aoald aaaaa a aarkod aat 
affaat aad kaaao aa oapaatad tka aya Iaoaar la to kl^ 
fragaoaay of tka aatl. loaaaar, tka dlaaagaotla affaat af tka dookla 
ao«g «klok aklalte tka pkaapkoraa atoa ooold aaaaa aa appoalta affaat. 
yaa *^F data kara aaggaata teat If la faat tka dlaaagaotla affaat aeaura 
(tkla aaald arloa tkrongti lataraotloa of tka pkoapkoraa laaa pair vite
atlo flald aaaaalatad alte olroulatloa af tka v-
olaatroaa akora aad kaloa tka plaaa of tka alaf lala aarkoaa**), It aoat 
ka appraalakly radaoad ky olaetroaogatlao aokatltoaata. Tkaraaa for 
oteor aakatltaoata la tka aarlaa,aaek aa < 1  • < ]  •
aoallar dlffaroaooa botaaoa teo aya aad aat^ ara aaaa.
ravoraal aay oaeur la I*^_„tl^ Clo. »l.T, ♦l.d, -l.d, 
M-l.T ppo). »aro aoaardlag ta Qal*”  tkla apporoot dlfflaolty for tka 
-■■J^l^ro«* (aad tka -FFfc^  group) la aaplalaad ky aoggaatlag teat tka 
bakavloor la alallar to tkat of a aatkyl groop la tea T-poaltloa of 
aoikora-t-aaa aa atudlad ky Onitaaor at al . la teaaa aaaaa tka 
aklaldlag affaat arlalag frao tka S,3 doubla boad la groator, aa wbat 
vo aataally aaa la aa avaragad valuó botooaa tka tuo affaota. Oa tba
145
O M  hud, eeeim m  tk* Mitatltarat f M a  th* — ti
to tiM f a  »Mltl—  — « k—  *• »••tti»». Om tk* otk*r
k— «, tkla «ff— t la alalalaad kr tk# lata— etl—  katva—  tka pkeapko— a 
aoa koaiai al— t— a la—  palr a—  tka S,a áaakla koaá ak—  tka pk— - 
pkar—  la la tka j|a p— Itl— . Tkla »U1 «1—  a g— atar aklft ta
■ti' It la p— paaad
apa*— ti 11 ar aagatl—  aap —
1—  Trataa— y aad aaalé pradaaa a
tkat otkar eoape— da «ka—  tka [<_ 
kakarlag alallarlp.
Otk—  attaapta ka—  ba—  aaáa ta ampíala alallar aaatar— tlaaal 
aff— ta. Oa— tala^* k—  prapaaad tkat allgkt kaad aagla dlatartla—
to allarlata atraía algkt — aor. Tkla atrata — Ick — y —  tatrodaa—
ky aaaaaaadatl—  of — y a largar aukatlta— t, aaald —  parttally rallar—  
It tka tataraal C^-C^-C^ aagla aaald —  daaraaa— . Tkla aaald all—
tka kykrldl— ti—  at tka pkaapkar—  at—  to ka alo— r to £* aad koa—  
kold gr— tar ¿-okar— tor ta Ita al— tr—  la—  palr. Tkla aaald — t to 
aktald tko pkoop— r—  at—  aad a la— r frogaaaoy aklft aeald —  arprnt— . 
la tkla ayat— . — ry llttla rlag dlatortl—  la llkaly aad tk—  rary 
larga aakatlta— t grat^a aoold —  — od—  to pat — oagk p— aaa—  —  tka 
pkaapkar—  to a— —  aay dofar— ti—  af tko rlag. Tkla — y oaly —  a 
aaall a— trl— ttag f— tar for graopa aaok —  -»k^ aad -Ma,. looarir, 
to datarataa tka — a— t at aay a— k a— trlbati—  «oald ra— 1—  tka 
aaalyola of aaqr nnagmiailt la tkla aorlaa. Okrloaaly tkla alt— ti­
la f—  fr—  at— Igktfar— rd aad tka bolaa—  adoptad katoaaa tka—  
nppnalag aff— ta to gl—  a — t aff— t la — t «all aaáoratnnd. la— rar, 
tko a—  da—  pro— atad ha—  ooo—  to —  ta agrooa— t «1—  «ita'a 
kypath— la, «ha—  tka t.S doabla ba—  aay —  tka a— tralltag f— tor 1a 
— la ayat—  for a— -al— t— aagatl—  aa— tita— ta Tkla oaaora
beam—  tka 1— tr—  olaoda af t—  doabla ba—  a—  larga — d a— -
tlally r— trlot — a pbaaphor—  at— . Tkla — y play p a— trl— tlag 
f— tar ta t—  q— otl—  —  to vhy — ti for— ti—  fr—  — th aja — d — ti
14«

ekMteal aUtts 6a^ aad tor ooek of tko CP^ aa4 CP^ alíeos. 
Tka tlfforoMoa kotoooa tkoao ottootivo ckoaloal akitts tor oaek ot 
SMI R^ will ko tko P-R eooRllac aa4 tka tmo oksaleal skltt «111 bo 
tko Boao troRooaep kotoooa ****
P.<M|> rooRootlroly).
PIO. R.3-1 P HMR SpoetroB ot a Hlstoro ot ara.aatl T-Borboiaoapl 
Rlokloro ^MspfclBoa
> y  *«< Aatl 7-oorkorooayl kroao ckloro akooaktaoa t»71 
Aa tor tko a-oorbomyl addoet (Soetloa R.i.l), tko ^ P  HMR spac- 
troo la aspoetod to kaaa toor Haas arlalag troa tka R aad S a m  and 
tka R and t aatl toraa as tko pkoapkoraa atoa skoald ko eklral. Hoaomr, 
also as wltk tka t-aorborayl darlratlro. tka pkoapkoroa spactrua augRosts 
tkat only two toras - ona a m  and oaa aatl la a ratio ot 1:4 ara prasaat. 
Tko HMR owldaaea supports tkla as agola oaly two aajor laoaars aro 
soon la a slallor ratio. Tkus wkoa ooasldorlag botk tka S-aorbomyl 
aad 7-aorboraanyl casas It saaas tkat tko kroalaa aad chlorlno ara not 
dlssiallar aaough to proaoto attootlwo eklrallty at tha phoaphorus 
atoa.
MS
9 n  m t  àmti ofcKro fi iMwfcl—  U»1
Th» m  ip»»t>—  ahMw4 foar i M M r a  fr«a th* raaetlM o( 
tflehloi« pMajrl «Ith th* T-MshonMayl 0rl«Mr4 r««g»>t.
This fMtHr* «viaM haoa—  tiM phcaphoraa 1« ■■— i t  ehlralltp «Im i « 
th» M»-feMé*4 •iMtiwi pair aap ba regaa^aâ aa tlM faarth aahatltaaat. 
Thla wtll giva riaa ta both S aaé £  ara, aatf ■ m 4 £  aatt laaaara.
Attaagtaé aaparatloa af thaaa 1a i  ara taaaa< aaaaaaaaafol aad haaea
11oalj æoarata P ohaaloal ahifta eaa ba lagortad aa aboaa la Tabla
a.s-t.
Rar far Tablaa 3.3-3 ta 3.3-10
m aat agglleabla paaltloa
( ) aatlaataé
• aat ragartad
TAM.g t.»-3 W R  Data a( Rya aaR tatl T aorbaiaaayl dlaatbyl
pbaapblaaa (34]
< l^*C/gga ■J(P,C)/Ha
Carbaa Pbaagbera» toaltloa PiMagbarB» Paaltloa
Paaltloa
•ya Aatl 3 - 3  ajra aatl •pa Aatl
«1^4 44.IR 44.00 0.03 3.3 13.0
C3/C, 133.33 13T.M -3.44 3.7 0.0
«3^0 34.30 —
®T 00.40 04.30 1.00 0.1 13.3
____^ ____ 14.40 13.03 1.04 13.3 13.7
Par P-Ma *J(P.H) % 3.3 R» far g 
_________________» a-a Ma far a
•pa
m i ______
TàMU a.S-4 a M  N M  Data of 17a, tati T-aerbacaaajl
Dlbroaa Pboapaia—  [M]
[A] CUtataal Shltta
< « ‘l/Sta
CarBoa
borna Paaltioa PMltlM
PtattlM ■ 7* Aatt
•7* Ab* 4 A - A St a t o c iSTB-tati tM tata tata
c^/c^ AB.06 44.M 0.0» 3.1S MA 3.0« MA
®s^s 13B.M- IM.TO •s .o s «.OS MA MA 0.1«
C./C, U . M M . U S.S3 l.M l.BO l.BT 1.43
s TB.OS T0.6 B.A8 3.40 MA S.B4 MA
a SI[B] J< P.X)
>J(P,C)/la ^(P.M)/ta
Caxboa
taalttoa
Phoaphonia Poaltioa Phoapfeoraa•7*
taattlaa
Aatl
87a tati ■TtfrKxo
ogaa
lata ta!'^"IL.
C1/C4 10.6 14.4 8.1 MA 8.3 MA
®a^3 4.8 4.8 3.7 MA MA 1.8
®8 ^ 0 8.8 13.8 1 .8 1 .8 3.7 3.4
«7 41.7 48.8 8.0 MA 7.3 MA
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TAMZ t.S^t M é  S i m i  Batm ti tfm, imti T-MVbotBMfl
Btm» Chl«i« fhMpklMa [tT]
(A l nafta
PMitlM
»■■lÉlf ■ PMitlM ■y»
PM ltiM
ta ti
•f*
A • A 
Sye-àatl
«1^4 44.1« 44.IS o.os a.M M t.9S M
C ,/C , 1S4.T0 IM .M -l.M • .•9 M M 9.19
C./C^ S4.M • t . l l 1.9T 1.9T i.oa 1.99
«T T4.M m . M 4.M 1.9S M 9.31 M
..PBrCI
(■]
Cm 9m
PMltlM
■J(P,C)/I> •j(P,D/la
fheaphoanu PMltlM fhMphoroa•y»
PMltlM
tati
tati iTdr1X0
« C M
lata
Mfér<
bBO ’* M a
C1/C4 1 1 .0 14.9 s.o M 8.9 HA
C9/C, 9.9 9.9 3.1 HA HA 1.9
c ,/c . 9.9 19.9 1 .8 1 .8 3.4 (3.0)
®7 49.9 M.9 8.9 HA .9.0 HA
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T à U  tmt Osta of t]ni, lati 7-eerterawyl 
Oleklor« VbuphtaM (M]
[ài ■l«al Sklfta
1 « ‘«/IWB
Cavhoa
bonu PMitlOB BMltlaa
Baalttoa •f* «atl
■ya àatl à - A ■TàvQBaa IjàsataaBjra-Aatt tso Baao tao Ib4o
«1^4 43.M 43.43 0.04 3.44 m 3.44 HA
C,/C, 134.73 136.43 -1.43 3.43 M HA 4.03
34.n 33.10 3.43 1.74 1.44 1.47 1.43
S 7«.34 71.30 3.04 3.40 HA 3.14 m
a 31[B] J( B.X)
PCI,
Carbea
Bssittoa
■J<F,C)/Ia >J(4,D/Ba
Fheapharus Poslttea Fhoaphonu
• y »
BBOitlaa
Aatt
•ya àatl lydrtxo
o«aa
Bado
■irto
I n
■eoa
C1/C4 (10.4) 14.3 (3.3) HA (3.4) HA
«3^3 4.7 4.3 2.4 HA HA 1.4
=3^4 4.4 10 .0 1.4 1 .6 3.3 3.3
S
40.3 47.4 5.4 HA 4.1 HA
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TàHiI S.3^7 «ad MHt Data ot Bym, tati T-aorboraaafl
•la OlatkylaalBO PiwsphlBas [90]
[A] ChMtaal thlfta
»aaitlaa
<
PlMapkorua Paaltloa fheaoheraa•r»
Baaitioa
Aatl
•f» Aati A - A Aya-Aati 1X0 **tedo
Ijrdr
fao
Ci/C, 48.04 48.60 0.04 9.66 MA 9.67 MA
c,/c. Itt.M 194.07 -9.01 6.10 MA MA 6.90
«5^0 B4.M 99.19 9.79 1.96 1.41 1.19 0.04
68.94 69.96 1.06 9.19 MA 9.06 MA
«• 49.66 44.16 -0.91 9.06 MA 9.67 MA
c. 14.64 15.64 -1.9 0.04 MA 0.60 MA
K n (c h , c h O ,),
B SI[B] “j(“ P.X)
Carfeoa
Bssltloa
>J(P.C)/lB ^ ( 0 .1 )/la
fheaphorua Foaltloa Ffeoaphorua
• y *
Boaltlaa
Aatl
•ya Aatl lyditxo
‘OfOtt
Sodo
Hfdr
b o
OfOB
lodo
C1 /C4 0 .9 18.0 9 .8 MA 9 .8 MA
4.8 4.6 9.6 MA MA 1.9
«5^6 4.9 8 .6 1 . 6 1 . 0 9.9 9.0
94.2 30.6 4.0 MA 8.0 MA
‘'o 18.0 15.0 6.90 MA 6.91 MA
®0 11.4 11.4 0.08 MA 0.04 MA
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TAKil a.S^t u 4  M M  Data of Mja, Aotl r-aorborooajrl
li9-Mltbol PhoaDtelaaoo [SI]
[A] Ckaaieal Mlfto
« 1S,^_c/pm « ^«/Se»
CarOoo
Mooltloa
Phoophoroa Pooltloo fhoophonM eoaitioBAatl
•s* Asti A - A Irerofoa ■ydrofaaSpa-Aatl tzo BMo ftio ■ado
®l^4 44.OS 4S.ee o.oe s.eo HA s.ee HA
«S^S iss.se is4.se -a.o 8.se XA NA S.ee
S4.TS si.ee s.ea s.ss 8.18 i.ss 1.84
S 74.10 7S.10 s.o i.e7 NA 1.84 HA
«S 87.es 87.se 0.S4 NA (o.e- ► l.S) NA
■ SI[»] J( P.I)
Carboa
Hoaltioa
>J(P,C)/Hs ■J(P,H)/Hs
Phoaplwrua PoaltloB Phoapborua■y*
PositlOB 
Aatl
8ya Aatl lydrtxo
Of«B
iBdo
Bydr
Bxo
Of«A
Bado
C1/C4 10.6 13.3 s.e HA 4.2 NA
‘ s^/‘=a 8.7 8.3 - HA NA 1.6
S ^ e 4.1 e.o 1.7 1.8 a.s (3.0)
S 40.3 43.4 4.04 NA 4.18 NA
«=8 8.8
__________
s.e - HA - NA
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TÂMLt a.3-9 «Ml *'■ IMR Oata of fya, Aatl T-oarbotaooyl
1,3-410X0 phoopholaaoo [38]
(Al Om oIooI  aklfts
CorboB
Posltloa
( C/Ptm
Fboopheros Booltloa Fboayhoroo•jr*
Boottloo
Aatl
A - A ■yAroco« 3y4TC3oo
•ya-Aotl Bxo foAo IKO M o
44.13 44.OB 0.04 3.17 RA 3.09 RA
Cl''3 133.35 133.35 -1.03 5.53 RA RA 5.49
c,/c. 34.33 83.03 3.3 3.37 - 1.71 1.53
S 63.73 65.73 1.93 1.39 RA 1.83 RA
S U . 94 43.34 0.13 RA (3.3 - 3.3) RA
& 31[B] J( P.X)
Corboo
Posltloo
>J(P,C)/ls ■j(P,3)/Hs
Pheophorua PoaltloB Fhoophorua9ya
PoaltiOB
Aatl
Syo Aatl lydiBzo
‘OC«B
lado
■ydr
1X0
ofoa
tado
C1 /C4 10.0 13.1 3 . 6 RA 4 . 0 HA
‘=a''3 5.6 8.1 8 .0 RA RA 1.3
®5^e 4.8 9.0 3 . 0 - 3.4 3.3
S 38.6 40.3 4 . 0 RA 4.5 HA
S 8.0 8.0 (4.0 -> 9.0) ( 8 .8) 10.98
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TABU s .3-10 aMI M l  Data ef tya, Aati T-aerbainaarl
Diphaajrl fhoapktaaa (33)
(A) Chaaloal thUta
< 1 f^l/OfB
CarfeoB
tenu PMitioB Pfcpf tenu Baaltloa
Daaltloa •jrm Asti
•y* A - A lySiBcaB BjrOntaaSfB-ABtl Bbb BbOo ftie M a
Ci/C^ 44.30 43. SS l.TS 3.04 RA 3.07 NA
c,/Cs 133.SB 13S.4S -3.04 S.63 HA NA S.00
c,/c. 33. BS 10.43 3.04 1.00 1.08 1.04 1.80
s SS.33 54.33 3.1 3.08 NA 3.33 NA
aroaatlea : IBS - 135 P 1.7 - 7. 1 ppa
,PPh
7/1 *
B SI[B] J< P.X)
CarboB
Doaltloa
Aj(P,C)/la >J(P,I)/ls
PSoapSorua PaattloB fhoaphoruaOya
Paaitioa
Aati
•y» Aati ■fditxo
*Of«a
lado
Hjdr
1 X 0
OfOtt
iDdo
C1 /C4 0.0 13.S 0 . 4 NA 0.5 NA
®3/S 4.1 4.3 3 .1 HA NA (0.0)
8.0 0.1 0.8 (0.0) 3.0 3.0
=7 34.0 30.0 3 .7 NA 3.7 HA
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I.3.S.1 13,C O — ic«l «lltf
13,C apvetni w m  obtalaaé o* aorborMaM wltli dlftaraat phoaphorua
ai*atltaaats la tka T-realtl«a raaaltlaK la both aya aad aatl darlas-
tlvaa. ««ala, aa U  tha 3-aoiborajl darlvatlaaa, ^’c ehaaleal ahlft
«ata ara mtvmuly aaafal la aelrla« ataraoelMaleal praUaaa la tbaaa
rl«l« blayalle apataaa. Vor ooaaaalaaaa a, £, aad ^  tata affaeta allí
ba uaad ta daaerlba tha pattata o< ehaaleal ahltta aa oatllaad piaalaoaly;
(laetlaa 1.4.1.1, a^oatlaa (1.7]>. Thaaa rafar ta tha aabatltaaat
13paaltleas ralatlaa ta tha C aaelaaa that aaparlaaeaa tha atarle par- 
tarbatlaa («traetara 13[A]).
2f70
•traetura 13
la eeaparla« tha earboa ehaaleal ahlfta of aerhaiaaajl danratlrea 
«Ith a phoapheraa aabatltuaat la tha 7-poaitloa It la uaatol ta oaa 
aorbera-S-aaa Itaalf aa a ehaaleal ahlft ataadard. Tha ehaaleal 
ahlfta of aothara-3-eaa relativa to 7118 are ahooa la Stnietura 13[h] 
aad tha ladlvldoal earboa ehaaleal ahlfta for all of tha P<1I1) 
darlvatlvaa ara eeapllad la Tabla 8.3-11.
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TABU B.S-11 tabstltMat a — lc«l Sklfta for T-nibstitutad
ltoikerm-S>*Ma *
Carkoa »aaitloa
P(III)
Sabstltaaata
8
C3/C3
Y
C,/C.
Y
«7
a
waa Bya
3.1 1.3 4.3 37.4
-PCI, 3.0 -0.3 0.3 37.6
-PBrCl 3.3 -0.7 0.3 38.3
S.B -3.4 0.13 16.7
-'O 3.1 -3.1 0.1 38.4-CI 3.3 -3.0 0.1 30.0
-IPB, 3.4 -1.3 -1.4 7.7
-"^1 3.3 -l.t -0.4 17.6
Phoarhotas Aatl
-"'l 3.0 3.4 1.38 31.3
-fCl, 3.0 1.3 -3.6 33.8
- M ici 3.3 1.3 -3.6 30.3
3.3 -0.4 -3.87 14.7
■c 3.0 -1.1 -3.7 33.4■c 3.1 -1.8 -3.7 13.1
-ppb. 0.3 1.1 -8.36 8.6
-"•a 3.1 1.31 -3.1 13.6
- Bot r«port*4
a aubstttiMBt ohaalcal shlfts la ppa, ralatlva to aortionft- 
aaa; a alaas alga daootaa a aklft to lo* fraquaaejr oa 
sabatitutloa.
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13.
TaklM t*] •< t.S-S t* 3.3-10 m « alao f.1-11, It
tk«t H - a t t M t
a P>
th* C_
kUt t* ■ep fi C_ 1«
ItMlt. TU« to fer kotk m á  — ti
gr— p
ra of tka
P<III) Oarlaatla
phot
-PCI.
aakatlt •ta tkat
largaat laei
alaatf
far C_ ara
atlaa
far
2,-aftaat al aa. PT ppa far tkaaa darlratlra
tha balklaaaa af aakatltaaat tplMapharva ata
la tha aataat af ahtft to high fragaaaey lar
pia la tha aarla -P(int,>g'I’ a-affaet
♦IT.4. 4-10.4 to olO.T far affaata ara
alto data fi alallar T-aahatltata4 aaxhar
Tabla S.3-1. tt alao aaggaata that thara la ae rlag dlatartlaa
that tha hataaaa tha phaaphaiaa tha a-aar la tha rlag
■lOarad parlag azE i ■tl la af tha
aahatltatag Oarlratlra, la all aaaaa tha ahlft far tha la
llaa aahataatlallj to hlghar fraquaaep far tha aatl la Thla
la theaght to oaear hocauao ahaa 
aatl. rotatlaa of tha phoaphoxva
rlac to tha azE paaltlea froa tha 
DB la laaa hladarad aa tha phaaphorua
ataa la la a laaa eoaflaad atraetura.
S-affaota
la tha T-aarharaaapl dorlratlraa hoth aad ara la a ¿-paaltloa
20ralatlva to tha M — pOorua aahatltoaat at C^. Aa aapgoatad hp ^ l a  
fraa alallar eaapoaada, tha raaoaaaaaa af thaaa aarhoaa aheold ha ahlftod 
to hlghar froqaoaey hp thla aahatltaaat affaet. Ihla argianat la ra- 
lafaraad hp tha praaaat ohaorvatloaa aa 1a all eaaaa tha dorlvatlraa 
ahaa aooM atarle eoatrol hp phoaphorua, aad a roaaltiag ahlft to hlgh 
fragaaaap ooeura (aa 2 ppa fraa BorhorB-2-aoa). Ooaaaar dlffaraaeoa
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MT* «Mil «IMB eleetroeegatlie or largar aubstitiMats aa tha pkaaphorus 
ara ^aagart. Par aaaapla aaljr a 0.1 ppa gltfaraaaa la aaaa bataaae
tka -Kl. tka aatl aabatltaaat. lara alaa, ae or aalj alight
«IffaroMaa ara aatod okaa tha gjm aag aatl laoaara far tka aaaa éarl- 
ratlaaa ara aaapara«. TkU aaggaata tkat tka rlgtgltj o( tkla blaTella 
rlag Oaaa aot allaa tka earbaa to raapcai to aaall Olttaraaeaa.
10C
lataraatlaglj, tka a£* kjrbrldlaaO aarbaaa C^/C^ aad tka aa* 
kjrkrldlaad aarbaaa ara poalttoaad ao tkat bath aaald ba iBfluaaeod
by tha Y-a«a«ta troa tha phaapharaa ao C^. Praa Tablaa [A] af 1.1-3 
to 1.1-10 atarla eaatrol la ahoaa aaly If tha phoapharaa la la tka 
paaltlaa ara ralatlra to tha aarbaa of lataraat (]^-parlplaaar). Par 
aaaapla la apa T-aorboraaapl dlahloro pkaapklaa, tha aarbaaa ahaa
tha j^aftaat aad a ahltt to loaor fraqaaaop alth raapaet to tha oorrM- 
poadlag aarbaaa la 1-aorboraaao roaolta (ea. 1 ppa). ■oaarar, far tha 
C|/C^ aarbaaa, ao ^ ^-atfaet la aaaa aad la taat a alight ahlft to hlghar
fraqaaaop oeaara (m . 1.1 ppa). Oooporaalp la tha aatl darlpatlra, tha
3 a2£ hpbrldlaod earboaa ahaa tka atarle ]^ -atfaat aad tha C^/Cj ap
hpbrldlaad oaiboaa do aot. Thla raault la aera ar laca dlaplapod far
all tha P(Ill) darlpatlraa atediad. Thla foatera alao alloaa far aaap
Idaatlflaatlaa of tha apa aad aatl laoaar paira. Dlffaraaoaa la thoaa
][-aatlparlplaaar aad y-parlplaaar affoeta hara boaa euaaoalp aotod bp
Illal at al*^ aad athara^^"** la alallar aea-pheapheraa oaopauada. It
haa baaa aeggaatad that aa axplaaatloa whleh dapaada epaa atarla ooo-
praaaloa affaota la poaaiblo, tbough a eaapoalta of faetora aap plap
tha aajor part.
1(0

t .s .a .t  ■ d w i —i  i i i i t f
Imitisi ■tiaetmrml «m U — ft», m  stat«« »rsalMMly, m f * Mte
«• tiM kMta «t pkoaphmna aad earfeem ekMieml ahlft «tata. Thaaa
aaaliiBamta aara tkaa oorralatad bj a S> ahltt eonalatloa MB
aabarlaaat ta alias laattaaaat aa4 dataialaatlaa af tba la«lTl4aal
bjrdragaa raaeaaaeaa. Far aaa^la, Fl(. !.»-• aboaa a StBek Fiat af a
■> thift Oarralatad asv«riaaat af Sya T-aorbaraaajrl «Iphaajrl
pbaaphlaa. Fara data alloaa aloa« a yartleolar aaalsaad earbaa af
iataraat aay ba takaa ta alias aaay datarslaatlea aad asalgaMst af Ita
aaaoaiatad bydrataaa. Iiieb ^1 ehaalaal ablft data basa basa abasa ta
ba aaaful la dataralalac atrsetaral faataraa la alallar rlfld blayalle
ayataaa. Far aaaapla, Fraaar^^ utlllaad tba faet tbat tba b.d-aao
yrataaa la aorbera-S-aaa darlsatlsaa ara ablftad ta hlgb fraaaaaey
ralatlsa ta tba aarraapaadla« laeaarla S.d-aada ria« prataaa, aad baaea
•■tabllahad tba aosflguratloa af tbaaa prataaa la aarbaraaaaa baarlaf
aubatltuaata la tba C /C- rlag paaltloaa. Tba raaultlac prataa ablaldlacc 5 •
far aarbara-l-aaa ara abasa la Btruetura 14[>].
Strvetura 14
Tbla BStbod ableb saa uaad ta eaaflra tba atruotura af aorbara-8-
•aaf by aaaaarlac tba dlffaraaeaa la prataa cbaaleal ahlfts« aaa axtaadad
ta dlatlacttlab aarbara-a-aBas baarlnp aubatitaaata atbar thaa bydrafaa
la tba C /C- paaltlaaa^. la atbar bleyelie atrueturaa aucb aa aer- 
ft *
baraaaaa, tba aaa rise prataaa ara alallarly ablftad ta blgb fraqaaacy
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r«latttr« to tk* a«<o rtag protou aad tk« dlffarMO«« ara of tka ordar 
o( O.S pfm**. Br axtaaalOB of tkla Mtkod it aaa kepad tkat tka 
•aaaaraaaat of ^B ekaaloal aklft dlffaraaeaa «ould allea affaotlaa 
eorralatloaa la aaalpila« ataraoekaalatry la tka T-aabatltutad rlag 
ayataaa kaarlag a varlatp of pkoapkoraa aakatltuoata. Iko dlataaeo 
aaap froa tka pkoapkoraa aakatltaoat aro rapraaaatad aa daoerlkod la 
Sootloa 1.4.1.S aad ara akoaa la Straetora IdtAl- aaalyaa tkoao 
protoa atarle offaeta arlala« fraa tko pkoapkoraa atoa aubatltaaat oa 
tka C^-j¿oarkoa, It la eoaaoalaat to eoapara tkaa oltk tko ^B ekaaleal 
aklfte of Borkora-l-aaa glaaa la Straetora 14(B]. Tabla B.9-1S akoaa 
tka ooapllatloa of tkoao offaeta for tka dlffaraat kydrogaaa la tka ea«o 
for all P(lll) darlaatlaoa.
B^ffaota oa tko Bydropaa oa
la Takloa lA] of B.S-3 to B.3-10 for B(III) darlaatlroa, tka kydrotaa 
oa Cj akoaa aa laeraaao la ekaaleal aklft of 0.3 to 3.4 ppa to klgk fro-
quaaej ahoa oarrloa a pkoapkoraa aubatltuaat. a eae laereaoaa tko
alea of tka pkoapkoraa aabatltoaat, tkla laoraaaa la protoa ekaaleal aklft 
baceaaa graator. For aaaapla, aevlag frea to -P(BBt,), to
-Fth| eaaoaa tka ¿(B^) to laoraaaa freo 1.47 to 3.13 aad tkaa to 3.OS ppa 
for tka ara darlaatlro, aad tka aatl dorlaatlra bahaaaa alallarly. Aloo 
for oa laoraaaa la alaetreaagatlrlty of tka pkoapkoraa aobatltaaat, tkora 
la a eorroopoadlag laeraaao la 6(B^). la aoat eaaaa £(My) la tka ara 
laoaar la to klgk fraqaoaey of tbat la tha aatl (Tabla 3.3-lft). Tkla 
taada to aaggoat tkat abra tha pboopborua aubatltuaat la orlaatatad ra 
tka laoa kladorad alda of tka rlag, a laaa dralaoat affaet la falt by 
frea tkla aubatlturat. Tka axtaat of ahlft dlffaraaea bataora tha 
aya aad tha aatl laerara aaraa to ba dapaodaat upoa tha partleular aub- 
atltuaat aad ao gaaarol traada caa ba daduead at thla ataga.
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TABU B.S-U BakatltuMt OMaleml Shltta fer T-aakatitat*d
Norb*r-t-«aM.
■jrdncaa Boaltloa
T(III)
•obatltaaata ■l'*d
r
■t^3
<
■,/B,
*aao
b ,/«b
*aada
■t
0
fkoagkoraa Bja
-*Br,
-'ci. 0 1 0.0 O.B 1.0 1.4
-KlBr O.B 0.0 O.B O.T l.B
0.1 1.1
- C ]
O.B -0.4 l.B 1.3 O.B
-0— t
■ ' O
0.4 -0.4 1.3 • 0.3
■"»1 0.1 -0.3 1.0 0.7
l.Bl
Thoaphorua Aatl
-itr. 0.3 O.B O.B O.B l.B
-Kl, 0.1 0.1 O.B O.B O.B
-PClBr 0.1 0.3 0.0 0.4 1.0
-P(nt,), 0.1 0.3 0.3 0.0 0.7
0.1 0.0 O.B O.B 0.3
■ c
0.3 -0.4 O.B O.B -0.1
0.3 -0.1 0.1 O.B O.B1
- M t  r«Bort«d
• BobatltMat ehMleal skttta la ppm, ralattaa to 
aorbora-t-aaa: a aiana alga daaotaa a ahift to lov 
traqaaaoy oe aubatltatioa
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OB tuo aydroiOM of Cj/C^
n .  -  t -  c, ~  c.
. 1«  c , , ~ m -  » .  .  »— “ *  ~ ~ *  "
~  .  I - « « “ «“ *  “  •“  " • •
o Ollckt rtift to■Mooor for oil 7-oobotltBtod ptootkonw dorlrotiro . 
fcl^r frodBO«.7 !• **' «1^4
B o r ^ r . - . ^  ^  -*• ----------- -
Booo^t «t.» U .  0 .0 11 o«.t -iff.ro.oo. o. oi..mc-t. tOot o. ... 1.
.roo... olootoo-ftmt, of to. tOoopOoru. «*.ttt.o.t. o -t b o í t  
, ^ ff.ot orlo... tOl. l. oOooB i. to. do», for to. -fCl,.
r»r. -rlrotiroo. to. oorr.opo.41.« C, 4,4«,... oMo^ool oOlft rio..
f«» « —  «,o.co.p.rl.«t0.a..-
^  loo..r pBlr for o - t  o* dorirotlroo. to. r o « ^ -  *•' ¿ E
*« hlahar frOOUTB-T *4l0 OUggOOtO toot laoMr lo MOt 00.00 ooow to OlgOor rregwwiy
.... .0. poo.po.r.0  «*otlt.«,t 1. .rlo.t.t.4 o. to. .lofio .14. of to.
rlM «70.t.r fro.40. of — •» *•' *
grootor i-l.t.r«,tlo. o. to. C,/C^ 0,4rog«i oocro.
«-.ffoet. o. to. l,«rogoo. oo Cj/C, » 4  C,/C,
^^ffoot. or. Mooll, o»l.port..t 1. *,ot eoopowU. TO. oiU,- 
.tltJot -.1.0 to. offoot. i. toi. .... to. P0..P4O«- o--tl.
tOMt. 1. . * « 1 1 7  -  “ * 4-po.ltlo.*»
r«.lpl*it toot offoot. .1 littl. eoo.lo.1 loportooo. «.. 0. «cp*,t.4. 
m ^ r .  U  tOl. 010,011« .,.to. to. .....tr, lo *«4 tOot gult. ouO- 
.t«tl.l l.t.r*,tl<«. ««I ocour C .  «tn«t.r. 1*) 1»-—
«IgBlflooot .ffoot. oro fouo4.
1 6 5
■trvetara IS
Two rmry dtff«r«at wvlroeewite occur (or the ¿-cffoct la thto rlag 
aystoa. Tho 0£* kybrldlvd C^/Cj earboas ooc Sara kydrogoa oack aad tbo 
aa* hybrldlaod C^/C^ earboaa haro too bydrogaaa each. Thla ¿-offoct 
acta to ahl(t tbo hydrogoa roaoaaaeo to lover (rogooaoy. Thorotoro by 
■oaitorla« tho aide of tho rlag ohich ahooa tho 6-offoot dlattactloo caa 
bo aado botooaa tho aya aad aatl laoaara. Ihla la llluatratod alcoly 
by tho -Wb| dorlratlvo. Whoa tho ^oaphorua aubatltuaat la aja, a 
aklft to lover froquoacy occura for the aya hydrogoa vhoroaa tho
C./C- hydrogoea raaala largely uaaffoctod. ta tho other haad ohaa tho 
phoaphorua aubatltuoat la la tho aatl poaltloa tho hydrogoaa arc
uaaffoctod aad tho aatoat of tbo C^A:, hydrogaaa ablft aarkodly docroaaoa. 
Coaparlag <-of(octa (or a raago of dlfforoat dorlyatlyoa above thla offoct 
to bo a goaaral eaa, but dotallad coaparlaoa of tbo alao of tho affect for 
dlffaroat aubatltuoata vaa aot fruitful. Duly whoa tha phoaphorua la 
earrylag olactraaegatlva aubatltuoata aad la orloatatod aatl. do the 
hydrogoa choalcal ehlfta (on raapoad and ahov a alight ahlft to
high froquoaey. Tho raaaoa aa to why bydrogoa chaalcal ahlfta arc not 
as aoaaltlvo to a ehaago la phoapborua aubatltutloa aa would bo aapoetod 
aay bo that thoao offocte arc vary local and aaall. Alao alight 
ehaagoa la tho toraloa aaglaa in tha ring, arlalng frev chaagoa In tbo 
attached aubatltuoat, nay eoaponaata or aaak thoao offacta aad thua tha 
aaall tronda aay bo loat.
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2.3.1.3 Co«PTl«OB of eoMPlt«« co— t— f  1» T-»orborm— yl 
»Iwfcorw I w ly t t T —
•pla-spl> eeapllac eoMtaats, u  alpe la tha l-aorkorapl apatas 
(•trootura I. faetlaa 3.3.1), aara aaa« aa a baaia to «atarsiaa eoa- 
figaratisaal dapaaiaaca aad to eoaplasaat data aktalaad fres akaaleal
ahl<t ealealatlooa far ^*C aad ^  w m  data, la partiealar aalaaa
of *J(F,C) aad *J(F,I) aara oaad to dotarsi aa tha laflooaea of tka 
dlffaroat aokotltaaata to tka T-Borboraospl ria«. Tkla data la (iaaa 
la Tablaa [I] of 8.3-3 to 8.3-10.
^J(F,C) Oaa boad ^la-apla Ooaplla«a
■ara a«ala, aa la tha 8-aorborapl pboaphoraa darlaatlaoa larga oao- 
boad eoopllafo ara obaaraad la tha T-aorboraaapl phoaphoroa darlratlroa. 
Tha alao of tba eoapllaga ara aaaallp aaaoelatad alth tha abllltp of tha 
aabatltaaat (roup to eoacaatrato a-okaraetar la tka alaatroa palr to 
prodaoa tkla a-affoet. Proa tka data, It eaa ka aaoa that aloetro- 
aasatlva «roapa prodaea larga oaa-boad eoapllaga (ea. 40-80 la). Aa 
tba aabatltaaat oa tka pboaphoraa atoa bacoaaa aora alaetropoaltlro oad/or 
bulkp, oaallar eoupllaga aro fouad. Por aaa^pla, tha -F(mt|)| 
darlvatlva boa a ralaa of ^J(P,C) ea. 18 la. Tha dato aloo aonaata 
that tha pati looaara la tha oarlaa bara a iraatar abllltp to bold a- 
oharaetar aa tba aatl looaora baro kllgktlp largar ooaplloga tkaa tka aya.
J(P,X) Ooolaal Coapllag Coaataata 
*J<P.C)
Oaalaal coapllag data for tha C^/C^ earboaa aboa that aa ooo 
dacroaaoa aloetroaagatlvlty la tha phoapkoraa aabatltaaata aaallar 
coupllaga arlao. loro aloo tha antl orloatatloo of tha phoapkoraa aub- 
stltuaat prodaoaa a largor valúa of *J(P,C) thaa ahoa la tha aya 
orloatatloo. Thla auggoata that aaallar bond ongloa (and banca largar 
coupllaga) ara arallablo to tbo phoapkoraa aban la tbla antl orloatatlon.
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Tkw atarle eoatrol ai 
lataraettoM.
to alay aa laportaat rola la tkaaa t«o-boad
la tka T-aorboraoajl ajrataa oaly oaa taalaal «o«9llac arlalaf tros 
tka la poaalbla. Wor thta I, tha aaaaitivity to «Kforoat aabati- 
taaata la alalaal aad Ita eoopllag aatoat rarloa froa aabatltaaat to 
aubatltuaat. ■ooorar tka aagaltudoa tor tha oloetroaogatlvo darlvatlraa 
do aoaa to bo 1-t la largor thaa for tbo otbar aabatltooata groaaatad. 
Alao «boa tbo pboaphoma poaltloa la aatl. tba eoogllag la allgbtly 
largar tbaa «boa tba phoapborua la la tbo aya poaltloa. Tbla aay bo 
daa to tbo faet tbat «boa tbo phoapboroa aabatltttiat la la tbo aatl 
poaltloa (tbla bolag tbo aoro coagaatod aldo) a groatar atarle latar- 
aetloa botooaa tba loao palr of tbo pboaphorva aad tba protoa «111 
oeeor froa a aaallor boad aaglo. Tbla «111 roaalt la a largar ¿-offoet 
(1.a. a largor eoopllag).
J(F,Z) Vlelaal Coupllag Coaataata 
’j(F.C)
la rlgld bleyelle ayateaa alallar to tha T-aorboraaayl atrueturo It 
la aeaatlaaa poaalbla to relata ^J(P,X> eoupllaga «Itb dlhodral aaglaa 
by a Barplua-llba ralatloaahlp. la aueh a rolatlea, tor tbo T-aorbor-
3aaayl atroeturo tbo ralo« of J(P,C) to tbo earboaa aboold bo
largo aa tba dlbodral aagla la larga (164*, aoo loetloa 3.3). Coavaraaly 
tba eoopllag for tba tha pboaphoraa ^J(P,C) aboold bo aaallar aa
tha aaglo la aaallar (37*, aoa Soetloa 3.3). Por tbo P(tll) darlratlraa 
ahooB, tbo raaoablaoeo of a Xarplua rolatloo aooaa to «alat. Tbo data 
ahooa r«««ala tbat larga eoupllaga ara aooa for tba earboaa aad
aaallor ooupllaga aro aboaa for tha C^/Cj earboaa for all dorlvativaa. 
Tbla la agraaaaat «Itb otbar alallar data doaoaatratad by Qula‘39 Tbla
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■mrplM rvlatlouhlp !■ dlscuasad 1« «ar* daptk la SaetiMi 3.S.
F»r thaaa tkraa-boad eMipllacs, tha aataat of a dlhadral aagla 
eoatrtbatlea la aaelaar. Tka hjdrogaaa, aallka tka earboa ara aot hald 
la a rl(ld atraetora aad aaaa te raapead aera laportaatljr te tha alaet- 
roale attaet af tha particular aubatltaaat oa tha phoaphenia atoa. Saa 
Saetlea 3.3.
*J(P,I) Leag raaga Coupllaga
Loa( rauca coupllaga oara dataralaad batoaaa tha hydrogaaa oa C^/C^ 
aad aad ara llatad la Tahlaa [I] of 3.3-3 te 3.3-10. The valuoa
ara aaall aad de aot oa thelr eoa eoatrlbuta auch ehaaleal laforaatloa. 
■ooooar It la peaalblo te eoeflra aaalgBaaota aa te ohathor tha phoaphorua 
aubatltuaet la ara er aatl ohaa thaaa coupllaga ara ceaaldarad olth tha 
othar coupllaga. Thla la aoat atrlhlag ohaa tha phoaphorua aubatltuaat 
la la tha aatl orlaatatloa oa tha rlag. hara tha coupllaga froa phoa­
phorua to tha C./C^ axo hydrogaaa ara auch largar thaa ohaa tha phoa- 
phorua la la tha aya poaltloa. Aa axplaaatloa alght ba that ohaa tha 
phoaphorua la aatl thara la a dlraot lataractloa batoaaa tha hlghaat 
occuplad, ralatloaly hlgh-lylag w-orbltala of tha C.-C. earboa boad aad“  # O
tha alactroa palr of phoaphorua. Thla lataractloa eould thua lafluaaeo 
tha attaehad hydrogaaa oa thaaa C^/C^ earboaa.
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m .  Trlcyellc <tn»ct«r—  - *d— ■■f—
0«i«r«l; 1« ortf«r to ostoad th* ability to oao eboaleal shltts aad
eoapllag eoaataata to yrodlet storooeboalatry aad eoaforaatloa la aoao
of tbo Boro ooBblleatod tneyelle aliphatic ajrstoM, a sorloa of 1- aad
a-adaaaatyl phoaphorua danvativaa varo proparod. Thla vaa thoaght
uaafal aa It la aoeoaaary to ohtala data froa a groat rarlaty of eaa-
pouada la ordor to aapport tbo tbaorotlcal eoaaldoratloaa aialag to
aoparato eortala eoatrlbutloaa to tbo aubatltaaat offoeta la aad
auelaar ablaldlaga aad la tba yaluoa of *J(P,C) aad *J(F,I). laroatl-
gatloaa of rolatlroly rigid aoloculoa aro troleoao boeauao of tbo ooll-
daflaod gooaatrleal altuatloa la tboaa caaaa aad tho loaa llkallbood of
BO B1rlag dlatortloa to oeear ahaa oabatltutod ' Por oxaaplo, la
adaaaataao Itaolf tha atraía aaorgy la low**’*^ duo to tbo totrabadral 
aagloa at earboa, aad tbo rlag atructuro la eoaaldarad to bo rigid aa 
aaeouatorod la otbor eagaa of thla elaaa (a.g. aorboraaao aad aorbora-
848-oaa>. llag flattoalag, aa la eyelohoxaaa dorlratlroo doaa aot occur
Alao It la foaad that dlatortloa dooa not occur la S,4-dlazlally dl- 
84aubatltutod adaaaataaoa or la tba caao abara tba aoloeulo la aubatl-
88tutad at a brldgoboad altb groupa otbor tbaa fluorlao
Dua to tho plaao of ayaaatry la tho atructuraa of both tbo 1- aad 
1-adaaaatyl aUbatltuoat dorlaatlvaa, oaly oaa laoaar la poaalblo la aacb 
caao. Boo Straeturoo 18 la Section 8.4 and 23 la Soctloa 3.8 roapoc- 
tlaoly. Roaoaor It baa baca propoaod that praparatloaa tig. a Orlgaard 
raagoat with aubaoquoat phoapborua addltloa (aa ahowa la Pig. 1.3-1, 
Soctloa 1.8), aoaa to procaad through aa adaaaatopa latoraadiata which 
aay roault la a alxturo of both 1- and 3-adaaaatyl aubatltutod 
dorlwatlwoa being foraed. Thla aaeaa to be the caao when ualag 1-broao 
adaaaataae or 3-broao adaaaataao aa atarttag aatarlala la the preparation 
of tha P(III) derlwatlvea aa both atructuraa nay be foiaed froa either
171
topAratloa of tk«a« l-adaMatyl aad 1-adaaaatyl darlvatlvas 
waa aot oftaa aortlralilla baeauaa jrlalda vara «avallir aaall aad ID-lon 
aaaljrala raqulrad ■aslBua «taatltlaa of Mtarlal.
It haa alao baaa prapaaad that dlaarlaad or dlaohatltvtad prodneta 
oeeur. Thaaa aap bo of tha fora abooa la Stroetaroa 1«[A] aad [■].
[A] IB]
Stmctura 16
Straetura 16[A] haa baaa thooglB to oeear la tha praparatloa of fluorlaatad
darlvatlvaa fraa l-hjrdreap aad B-hydroap adaaaataaoa**; vhoroaa
atraetura 16[B] vaa foraad obaa adaaaataa-l-ol oaa traatad vtth phoaphoraa 
SToayeblorlda POr tha P(V) darlrattva ao obaarvabla diaarle or dl- 
aabatltatad prodaeta vara foraad, hovavar la aoaa of tba raaetlooa ualag 
P<1II) darlratlroa, dlaabatltatad prodaeta vara foraad, aad aaaa to bavo 
tba Btraetaraa abooa la Straetura 17. la tha oaaa vbara thaaa alda
Struetara 17
produeta vara foraad, thay uaually aada up laaa tbaa St of tha rav product 
alatura, aad alaaaatal aaalyaaa could aot ba aada oa tbaa aa attaapta at 
aztraetloa prorad uaauccaaaful. Raaca oaly by vay of ’^P m n  aaalysla 
could oaa aaeartala tho aaouat aad typo of product foraad. Bovarar, 
taaoral of thaaa dlaubatltutad darlratlvaa oaa poaalbla froa tha aono- 
aubatltutad produeta. Tho proportloaa of produeta for a fao of tho
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iwaettOM ar« akova la Tabla 1.4-1 for tha dlffaraat atartlag broao 
*^***®**** **^b^lala. Tlg. 1.4—1 ahoaa a typleal NIOI apactnia 
bafora rawral of tha diaubatltutad prodaota (DP).
laaotloo latloa of Halor Prodaota fraa Origaard/Phoaphorua 
Mdltloa laaotioaa for P(III) Dorlaatlroa
Flaal Prodaet labatUaaot Approataato t froa *^P M B  aaalyata
l-aabatltotod 1-aahatitatod dlaabatitatodalaturo
(Froa l*broae adeaaetaa#
-"'i dS (15-30) (10-5)
-PCli (75) (M) •V5
-PCllr •0 (15) (5)
-P(NBt,>, 75 (M) (5)
-PPhlr 100 (0) (0)
-PPbCl 100 (0) (0)
-PPh, 50 34 5
(Proa 1-broao adaaaataai)
-"'1 (15) (50) Mí
-PCli 10 55 <5
-KlBr (0) 55 <5
-PPhBr (0) 100 (0)
-PPhCl (0) 100 (0)
-PPh, 40 50 (0)
( ) > oatiaatod
17S
n o . 3.4-1 mn Spactrua ttf Cni4* Produeta (roa a 1-adaaaatyl
dtbroao phoaphtao Proparatloa (roa 1-broao adaaaataaa
Tho 1-adaaaatyl pboaphoms dariratlvoa oora proparod 
uaually (roa 1-broao adaaaataaa ola tho Origaard roagoat aad aubaaouoat 
addltioa o( PX^. Tbaaa aro dotallod la proparatloaa (37J to [4S] la 
tbo Bxporlaaatal ebaptar. Oaly oaa laoaar la poaalblo la oacb eaao 
aad tha aolaeulo la aaBbarad aa abooa la Structura IS.
Por tha eaaaa abara botb tba 1-aubatltutod aad tba S-aubatltutad 
pboapborua dorloatloaa acra produeod, aa aoatioaod abooa, earboa 
raaoaaaeaa (roa tba too atrueturoa la tha NMB apaetrua eould bo 
dlKoraatlatad bp uao o( a aalactloa pboapborua dacoupllag axparlaaat 
daacrlbad la Saetloa S.S.l). Por tbo 1-adaaaatjrl pboapborua
oalp (our raaoaaaeaa oceur (roa tbo caga, wboroaa aooaa
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M .  m th* 4t(f*rwit phosphorua 
sobatltiMBts
Strvotur* 1S
raaosaaeM ar* aapactad for tka S-adaaaatpl phoai^oroa dariaativaa 
(aaa Saetioa S.S). Alao la tka t-aabatitvtad adaaaatyl pfcoaphonia 
darlaativaa tha raaoaaaea Ilaa te kigk fraquaacjr of all otkar pretea 
raaeaaaeaa la tka eaga aad akeva a larga ralea fer Tkia eeeld
ba ebtalaad dlraetlp fres tka apaetma aad ralatlra aatlaataa ef tka 
1-adaaaatyl:»-adaaaaty1 prepertlaaa la tka alatera eeeld tkea ba aada.
a .4.1 W  Data el tka 1-adaaaatyl Fkeapkerua Darlaatlaaa
Tabla a .4-8 akova tka M B  ekaaleal aklfta ef tka 1-adaaaatyl
31pboaphorua darlaatlaaa. Oaaarallp tkla P KME data aaaaa te raflaet 
tha aeraal eaarall traada aapaetad fer P(III) aad P(V) ehaaleal ahlfta 
la taraa ef tha affaeta ef dlffaraat aubatltueata. Per eaaapla la the 
aarlaa -PBr^, -PPhCl, -P(Nlt|)|, aad -PPh^ the ehaaleal ahlft aevaa te 
leaar fragueaep aa aapaetad. la the 1-adaaaatpl pheapherua darlratlvaa 
tha earbea earrplag the phea^wrua aubatlteaat (C^> la aet ehlral. Per 
darlratlraa with pheapherua aebatltuaata aueh aa -PPhCl, -PPhBr aad 
-PIrCl, tha pheapherea atea Itaalf aap ba ehlral, ragardlag tka aleetrea 
pair aa tha feerth aubatltuaet. Howarar ealy alrrer laaga laeeara will 
raault free thla, aad thaaa weald hara Idaatleal NlOt paraeatara. 
tataraatlagly hewerar, la tha praparatloa ef tha -PPhCl derivative free 
tha 1-brewo adaeaataaa and phaajrl dlehlore phoaphlaa, two algaala eeeur 
la tha ^^P M B  apaetrua. It la propoaad that both -PPbCl ood -PPhkr
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TABU t.«-a M W  Cfceelesl Bklfts ot
nMapker«« Coapeiiada
Prapmrvd 1-adaMatrl
•ObatitMMt 
B B 1-odaoaatyl-o *
Praporotloo
Nuobar
KIII)
1M.8 (3T]
-PBfCl IM.f (MI
-PCI, in.4 (M]
-PPbCl IM.l (401
-PPhBr lu.a (401
-P(nt,), •4.6 (411
- c
46.» (43]
<Q 3.3 (431
-ppb. -4.« (441
P(T)
-P(t»lo, •3.« (4SI
• lo ppa, • olouo algo doootoa valooa to 
loo fraguaney of M %
darlvatitraa aara (orsad. This praolsa aaa baaad oo tkalr ehaaleal 
ahltt valoaa (glaao to Tabla 1.4-a) aod froo tba produeta likaly to toro 
lo tba raaetloo. It aaa oot poaalbla boaavar to aaparata thaao 
eoopoooda. Tba -PPbCl adduot oaa aaalgoad to lio to hlghor fraquaoey 
lo tba *^P mot apaetnio. Thla la atollar to tba pattoroa abooo tor 
othar oooo balido P(I1I> dorlaatlvaa glvoo lo Tabla I.4*3.
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TASLI a.4-3 Coa»«rl«oa of Chaaleal Shifts for oom
Moao-ohlorl«# sad Hooo-broaldo P(lll) Dorlratlros
Coapouad “ p i/^pa*
P(OI,),Cl • ♦M.S
p<ca,)^r • ♦22.0
' « V a ’a”  * «21.8
«70.2
pfCpigiaCi • «112.0
P<V,)22r ^ «112.2
V g ( V , ) « : i  •• «67.1
V 8 < V , ) P » r  •• «32.3
<C^,)PC1 •• «12-37
< V b>"' * «13.0
* posltira la to hl ^  froquaaej froa 
tat - 0.0 ppa
a takoo froa rof. S 
b takoa froa rof. SO
2.4.2 aad M m  tata
Tha and ehoalcal shifts and th alúas of *J(P,C) and "j(P,H) 
ara prosoatad la Tablas 3.4-6 aad 3.4-7 sad wars praparad froa ID aad 3D 
HM2 aaalpsas slallar to thoso glraa for tbo 3-aorborapl (Sactloa 3.3) 
aad tbs T-Borbomaapl (Sactloa 3.3) darlratlraa. Tha rosoaaaeos of tha 
eazboas la tha caga aora asslgaad bp tha folloalag aathods. could
ba aaslly asslgaad as tho Bosphorus substltuaat causad this eaiboa to 
ba shlftod wall to high froquoaop of tba othar carbca rosoasacas la tbs
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eac«> A I M  ehwileal akltt was assoelatsd with a larc* ^J(P,C).
Om  of a OASfl BS«iMMa allOTTS« dlatlaetiaa to ba aado batiroao tho Oi, 
aad CB earbou la tho eago aad ttaoa ooald bo roadUj asslgaod. Thoao 
aaalfBMata wora also ebaekad by eoagarlag tha ^*C eboaloal ahtfta ol 
thaoa phoaphoraa darlwatlaoa with thoaa of a aalaetloa of l-sobstltatad 
adaaaataaaa as abcoa la Tabla S.d-4.
waou 1.4-4 aoM Chaaleal Shifts of othar 1-sobstltatad Adaaaataaos
</9fa
Carboa
PasltlOB ÁdaeBBts»#
ft
1-broao.
Adaaaataaa
b
1-ehloro
AdMaataaa
b
iMtoSftB*
taa-l-ol
b
1-Pluoro
Adaaaataaa
b
«1 ss.s SO.BO ST.SS
ST.90 9S.40 (1S4.0)
®S S7.T 49.SO 4S.19 49.3
43.TO (IT.S)
®S SS.S 3S.80 S9.0S 90.S
31.40 (10.9)
«4 ST.T 99.SO ss.ss 39.1
SS.90 (1.8)
e tahaa fraa raf. 9 b takas fraa raf. 40 
( ) . "j(C,P) la Sarta
Tha ooaparlsoB was good for earboas aad Cj. Boaawar tha
la thla tabla show that aoraally lias to high fraqaaeey of 
This doas aot saaa to ha tho ossa la tho 1-adaaaatyl phoaphoraa darlwatlwas. 
la fact dlfforaatlatlea batoooa tho two hlads of aathylaaa oarboaa, Cj aBd 
was dlffleolt If tha ehaaleal shifts oaly wars tskan lato aeoouat as 
thay raseaatad alosa togothar la tho phosphorua darlwatlwos. Bowowar 
If oaa eoBBldars tha dlffaraaea la aagaltudas batwaaa tha *i(P,C) 
asaeelatad la thasa two carboo altos, a raady dlatlaetloa eaa ba aada.
Por asadla, If ooa eoaparas *J(P,C) with ^J<P,C) , It will ba soaa as a 
gaaaral phoBoaaaoa that tha *J(P,C) la usually tho largor. This la
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b)T th* eoapoumd l-fluoro ■4aMataa*, wlMr* haa a auoh 
largar r-C eongllag thaa (••• Tabla S.4-4). Tbts ta aiq^tad baeavaa 
tba earbaa pealtloa at la Mieb eloaar to tba (Ineriaa aobatltuaat aa 
Cj tbaa tba earboa at C^. Thla la also t*«a la fhaaghoras ebaalatry 
aad eaa ba aapaetad to bava a largar eoopllag to a pboapborua attbatl- 
taaat at thaa C^. Thla eaa ba aoaa la a beat of pboagborva eoapooada, 
mom» ogableb ara glaaa la Tabla 1.4-S.
TAILI 1.4-6 Coi^arlsea of tba aalaaa of aad ^J(P,C) la
aoaa Pboapboraa Ooapeuada
■traetara •j{P,C) / la
'<V6>8 “ *J(P,C) - 16.66 
^J(P.C) - 0.63
-'<V.>4 ‘ *J(P,C) B 10.6 
*J(P,C) - 1.6
< V 5 > i ^ i - « " i - « a - « 4 “ *J(P,C) ■ 16.1 
S(P,C) - M).0
*'"'«ortbo> “ 
para
a takaa froa raf. 60 b takaa froa raf. 6
Proa obaarrad ralaaa of *J(P,C) aad ^J(P,C) fer tba l-aerborajl 
aad tba T-aorberaaayl-pheapberua darlaatlraa, ableb tba earboaa ara alao 
eoatalaad la a rlgld caga atmetnra aad tba caga la of tba aaaa elaaa aa 
tba adaaaatyl pboapborua darlvatlraa, It aaaaad tbat daalatloaa froa tbla 
ooupllag traed woold ba uallkalp for tba adaaaatyl darlvatlvaa. Tbua 
tba ^J(P,C) aeuld aleo ba aapaetad to ba largar tbaa ^J(P,C) la tba
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ktjrl pàeepàerwe derivati*«*. ta thla kMla tkmtmtof, th»
■t« gl««« 1« Tabi«« 1.4-d aad S.4-T
4.
that tb« «b«al«*l
«blft a««oelat«d vltb a aaall «ala« «t JT(P,C) 1« t« blgb fragwaer ot tb« 
(a««oel*t«d vltb tb« largar *J(P,Cf. Sia«« It «a* mom paaalbla to 
aaslga tb« agaetm«, d*t«mlaatl«a aad ■«■Igaatat of tb« corr««-
»«adlag ebaaleal ahlft« aad tb« «ala«« «f *d(P,g) o«ald ba aoblavad
by tb« U M  «t a 10 ^*c/l «blft ««rrwlatad «aparlaMt (a« «etllaad la 
Saetloa 1.1.1)
1.4.1.1 IS,C Cbiloal kilt«
Per
ablfta ot
■Btjrl pbaapbeia« darlratl*«« tb« earbea ebaaleal 
lt««lf (CI > W.T ppa; CO, > M.l ppa) eaa b«
a««d retar pelat ter dl«eaa«laa et dltteraat «abatltateat
«tteeta arlalag tr ditta Bt pbeapberaa greapa at C, (a ■traetara
!•).
Tba «ttaeta erlbad t«r a partlealar earbea la ter et
tba auabar et aparatlag It tr > pbeapberaa aabatltaeat (Pl^)
at C, (abeam la Tabi« 1.4-g>.
atrala-tr
la tba
tba
atyl oaga earboaa ara bald
rlag aab-UBlta adapt aaarly
a ebalr ooata atla all C-C-C glaa vlrtaallj tatra-
badral19 Tba rlgldlty et tba atraetara playa aa lapertaat part la
13.tba tlaal C cbaaloal abltt «alaaa
tbat ot adaaaataae aboald te
ay ebaaleal abltt ebaagea tr
elaetreale «ttaeta ot aabatl-
tatlea oa tba eaga et tr aagla dlatertle
a aad 1 «ttaeta
la Tabi« 1.4-g It la aaaa tbat raplaeaaaat ot a bydrogaa at by a 
phoaphorua aubatltuaat eauaaa a abltt to blgb traquaaey ot (13.3 ppa 
ter tba dlobloro pboapblaa darlvatl*«). ebaaleal ahltta to blgbar 
traquaaey ara «apaetad ter tbaaa bleyelle cagaa aa a raault ot
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TABLI S.44 ^*e « U  4
CAI *
Ckaalcml tktfts o( 
fkMpkoroa Darlvati***
l-a4MMatrl
loaatttaaat
Carboa M B b « r
Othar
«1
•
' 1
1
®3
r
'4
0
- " '1 4S.0« 30.03 30.03 10.30
41.M 30.40 30.00 37.00
-tCUr 41.IS 30.00 30.00 30.00
-mir 41.10 30.03 33.03 37.03 )
•ptka 43.00 37.13 33.70 17.03 ) Aroaatlea: 130-143
44.01 - 33.01 30.30 OÌ2-43.1 OljaU.O
■ <a 40.M 41.40 30.03 43.01 Cl,o00.1
< 0
41.M 37.00 30.07 30.00 ArOMtlea: 110.0 133.0143.7
•"S. 40.30 30.71 30.70 30.01 Aroaatlea: 130-140
-»(«■a.
(■] *
■yOrofOB BaaOar
Oabttltaoat «3«
7
®3>
<
C4I.
c
Othor
-por 1.00 3.00 1.73
1.70 300 1.00 •
•fCllr 1.77 3.00 1.70
-PfbOr 1.00 3.33 1.31 1 Aroaatlea: eluator botwooa 7.3-
7.0-PfbCl 1.73 3.30 1.20
-P<Wtj)j - 1.03 - « r '  c o , : -
1.03 1.00 1.13 « 3. -
1.03 - 1.00 Aroaatlea: 7.4
-Pto, 2.00 1.00 0.07 Aroaatlea: 0.0-T.3
-KOlMOj 1.04 1.32 1.00 CHj -l.T
a la »pa, ralstlva to T U  ■ 0.0 ppa U  COClj
• Rat roportod
* Rfdrocaaa oa C4 aro ehaaleallr laaoulvaloat, booovar oo oRoaioal
aRltt Alfforoacoa could bo «otoctod.____________________
IBI
J< P, C)/Is
M B  Coapltic Ooaataat« of
fkoaphoma Dorlvat'tvoo
l>ad »tyi
CarlBB Biabar
Otbar•akotltaoat
«3 '3 ®4
• • 7
.»r. «d.l 11.1 4.7 1.4
41.1 11.S 1.1 1.4
-KlBr 41.1 ll.l 4.4 1.7
•mi r 41.1 Id.t 4.7 1.0
-mci 41.7 Id.S 4.4 1.1
M.l - 4.3 1.4
U.T 7.1
< o
31.4 1.1 1.4 3.3
34.1 3.4 - 1.0
•P(t)ito, • 1.1 3.3 1.3 (P-Ol,) - 73.43
(■I "j (*V.'h )/m «.
■ydrofaa anW èêT
Sobitltaoat V V V
Otbar
7 < c
1.7 3.3 3.1
4.1 3.1 3.1
-PCUr
-mi r 3.1 3.1 0.7
-mci 3.3 3.1 -
- 3.3 --«O 3.3 3.7 0.4 *J(P-0-C-4) • 4.4
3.1 3.4 1.0
- m . 3.1 3.S 0.4
-P(S)lia, 7.1 1.6 3.4
- aet ropertod
> hydrocoBO ob C- «ro eheateBlly iaoqulTalOBt, hovarar ao eoupllac
dlffaraaeaa eould ba dataetad
l U
TABU S.4-« ■tltumt CBeslesl Miifta fer l-rahatlt«t«d 
AdaaaataM«*
»(IH)
•obatitaaat
Caibea Paaltla« oa Caca
c
a
«•
B
®3
T
«4
<
-Pte, 13.4 -3.6 -0.3 -1.4
-PCI, 13.3 -3.6 -0.1 -1.1
-PCMr 13.6 -3.3 0.0 -1.3
-PPhBr 13.8 -3.0 0.0 -1.3
-PPhCl 14.8 -10.3 0.0 -1.3
-poat,). 16.1 - -0.1 l.T
■ < D 31.3 3.3 -0.3 4.3
< 0
13.9 -0.6 -0.1 -0.1
-PPa, 30.6 0.8 0.0 -1.7
- Hot raportad
• •ubatltMBt ehMleal ahifta la pfa, ralativa to 
a Biana al«a daaotaa a Alti to lo« fraquaaey oa 
aabatltutloa.
Stmetura It
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Mibatltnaot «ftaeta If thay ara acaparad alth otkar l-aabatitutad adaaaa- 
**••• Slvaa la Tabla 1.4-4. luab a attaata hara baaa ralatad te tba 
obaaca la alaetroa daaattjr at tba earbaa raapoadiat to aa alaetraate
•* Pfcaapberaa atea. ■oaaaar It la aet alear fraa thia data 
bea, U  taraa af aaarall traads. tbla atfaat la raapaadia«.
•Itb ragard ta Cj, ablab la ¿  ralatiaa ta tba phaapbaraa-aaatalaiac 
graap, aa aaarall abaaiaal ablft ta laaar freqaaaay aaaara lar aaat al tba 
•aalaa- Tbla la la aaatraat ta tba gaaaral traad lar aaat pbaapbaraa 
aaapaaada, aa tba ¿-allaat la aaually tbaacbt al aa a daablaldlag aaa 
aaaalag a abllt ta blgb Iragaaaay. laaaaar it baa baaa aatad bjr luebaBaB 
aad baaaera* U  tbalr atady al l-dlaaUyl-l-bjrdraay -ifuaiatiai aad atber 
caga phaapbaaataa tbat tba j-aarbaaa aay alaa ba ablltad ta laa Irafvaaay 
tbrnagb T<gaaabal lataraatlaaa. Tbla aaaaa ta aaaar lar tba 1-adaaaatyl 
pbaapbaraa darlratlraa i*ara tba Ytaaacbal lataraetlaaa batea aa tba 
pbaapbaraa alaatraa palr aad tba aarbaaa plaj a daalaaat part aad all— 
aepaoled S-daablaldlag allaat by tbla Y(aaaaba> allaat. (Tba 
■•*“ 1 T allaat la ta laa Iragoaaay.) Tbla aay ba paaalbla aa batb 6 aad 
Y lataraatlaaa ara alaatraalc allaata aad thua tba alaatraa palr al tba 
pbaapbarua ataa aay ba abla ta areata a abaaga al alaatraa daaalty at tba 
í earbaa. Tba aataat al tba ^;-lataraetlee tbroa^ tba ^ aato alaatraa 
palr al tba pbaapbarua allí aary dapaadlag upaa tba atber aubatltuaata aa 
tba pbaapbarua ataa. Fraa Tabla t.4-d, tbangh tba data U  aeaaebat 
aaattarad» tbara aaaaa ta ba a laaa daalaaat j^-allaat aa aaa daaraaaaa 
elactraaagatlelty. aad tba abaaiaal abllt al laaraaaaa ta rtapnad 
tba graatar ¿-allaat.
It daaa aat aaaa lUaly tbat tha P-Cj baed la aai^raaaad aa ^J(P.Cj) 
babaraa la tba aaraal laahlaa aad praduaaa aapaetad tiaada lar a aoraal 
baad. gaa tba dlaauaalea el "j(P,C) balea.
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Horaal ^ «ttccta
Km atatad praalooaly tha 6-aaabarad aub-oalta af tka ca«a ara kald 
la a obalr eaataraatlea (glTaa la •truetura It) aad tbua tkara la aa 
aatl parlpXaaar patkaay (ekoaaa oa avarafa) eaaaaatlac aad tka 
earkoa.
Stroetura 19
Par a pkoapkoraa aakatltaaat (PI.) alactreaagatlrlty la
alallar to tkat of a earkoa aokatltoaat, tko ^ affaot
aokatltooat la prodoalaataly ■tl Btl affoet) ooold ka
tka pkoapkorua
Iraa
aaall aklfta to loo fraqoaaep oaald ka aapaetad for olaetro-
gatlTO anfcatltoaata oa tka pkoapkoroa »3 Takla 1.4-9 akoaa tkat
tko C okaaleal aklft la 3 aklftad allgktlp to loo froqoaaejr for
raaco of pkoapfcorua aobatltuoata. Alao tkoaa aukatltoaata oa tka pkoa­
pkoraa. raoagatlvo prodoea a graatar aklft to looar
froqaoaep. Sack aklfta orar aatl-aarlpla patkwapa all
apaotroaeopp oeear for ay pkoapkoraa -pkoapkoraa
attrlkatad to tka far
aatloa. Por pla, la I9_
afclo arraagaaaat for o-daloeall- 
Btl-parlplaaar Z-C-C-P aklfta aro
obaarrod with laeraaaad olootraaogatlrlty of X.90
£ affaeta
lha ekaaloal ahlft data for ahowa ao partlealar traada for 
tha affaeta of dlffaroat phoapboraa groupa. aowoTor tha oworall latar- 
aetloe prodaeoa a ahlft to low froquaaey for aoat phoaphoraa aabatltuaata. 
Thla la aaaaaal aa j^-affoota aaaa to bo, aa la tba 8-aorborapl aad la tha 
7-aorboraaapl eaaaa, doablaldlag aaoa eaualag a ahlft to high froquaacp.
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ObTloaaly otbar factors hara coatrlbota to tbo orarall lataraetloa.
a .4 .a .a  j (p ,o
For tha l-adaMBtyl phospboma Oartaatlaaa, ooa-bsiid P-C eooplibgs 
ara oodarata (4B.S Ha for tha -PbrCl dartaatlaa) aad tha traada aaaa to 
ba U  kaaplac with tha oaa-boad eoopllaca U  othar pkoaphoros coopoiiada. 
Ihla ai«aaats that tha P-C^ boad fa tha adaaaatFl darlaatlaas oaa ba eca- 
sldarad aoraal. As aspoctad, tha aafsltada saaas to ba largast ahaa tha 
pbosphoms has alaotrosagatlTO snbstitasats. Also as oao dseroasas tha 
alaetraaogatlrltF, tha slsa of tha P-C. eoaplla« also dseroasas. This
slallar trend occurs la aaay phosphoms ecapooads. For pla. as
aoaas froa 0 1 ^ 1 ,  t* (CHj),PCl to PfOl,),. d(P,C) dscraaaos frca 4.BO 
to -IS.B Is raspoetlaalF. Ibis affaet also soaas to ba troa for the 
P-C^ eoupllacs sad Blaas tha aapoctod dacraasa Is also as oaa 
decroasas the aloetroaagatlTltF of tha phosphorus sobstltuasts. For 
vlolaal P-C. eoupllMs. tha aasaltudas of ^  ara raascaably larto. This 
result eoahlaad with tha ehaalcal shift data, as aaatloaod proalooslj, 
would suegast that tha Y-antl arraagaoaat elaarly has a dlstlaet pathway 
la this chair arraagaoaat (ahowa la Structure IS). Howewer, ohaagos la 
olaetroo daoalty alcoa eaaaot asplsla all ccupllags aad haaea It also 
soaas raasoaabla to suggest a probable rofatleashlp with tha dihedral 
aaglaa. la this chair ualt of tha cage the P-C-C-C dihedral aaglas 
ara oa. ISO* aad ooupllags of a largo aagaltuda are to ba aapaetad.
Sea Saetlco 3.4 for further dlseuasloa.
¿-lataraetloa with C^ produces M i l  eoupllags. Thls^rebably 
due to tha groat dlstaaeo away frca tha phosphorus position at C^. Tha 
only eoupllag to note Is that for the -PPh^ darlwatlvo where tha Intor- 
aetlon produces a larger coupllaiF^Ji^^^) thaif *J(P-Cj). In this 
darlwatlva tha phenyl rings sra not wary bulky aad would probably ba 
able to freely rotate and nay allow the alactrca pair of tho phosphorus
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•toa to b« posltlOMd U  aueh a oajr aa te ■axlalae thla oovpllnc. 
a.4.1.3 Chaaloal Ihlfta
To aaalyao tho kjrdrocoa ehoaloal ahlfta of tha l-a4aaaat]rl pboa- 
pborna darlvatlToa, tho hjdrecoB ehaaleal ahlfta of aéaaaataBO itaalf 
aar bo uaod aa a ataadard (Ol » l.tT ppa; CB^ - 1.7S ppa). Tha tar- 
alaolecp «ao4 la lllaatratod la Straetwo to. Tabla *.4-t ahooa tho 
affaet of aabatltntlea oa ehaaleal ahlfta la tha eago l-adaaaatpl 
tfarlaatlaaa.
PR
•troetaro 10
1.4-t I Babatltaeat Chaaleal Shlfta for 1-aabatltatod 
Ailaaaataaaa*
P(III)
Subatltaoat
Ipdrogoa ioaltlea oa Cage
;» ■ 3 y
- " ' a 0.08 0.83 -0.08
- ic i . 0.00 0.18 -0.08
-KlBr 0.08 0.18 -0.08
-ifhlr -0.06 0.48 -0.84
-PPhCl -0.03 0.48 -0.88
-P (in t,), • 0.08
-0 ” -0.07 0.00 -0.88
- C O
-0.11 - -0.88
-PPH, 0.30 -0.01 -0.78
- aot raporta<l
* Rjdrogana oa C4 ara laoqulraloat howoror ao 
ehaaleal ahlft dlffaroaeaa ara aoæ.
a Subatltueat ehaaleal ahlfta la ppa, rolatlra te 
adaaaataao. A alaaa alga daaotoa a ahlft tolo« 
fraeaoaer ea aubatltatlea.__________________
1 8 7
Ik* krdrocaaa oa ar« x  raapaet to tha pkespkorua subatl- 
taaat oa aad eaa tbarafora ba aapaeta« to asparlaaea a ahlft te loaar 
fraqaaaep. With alaetroaacatlaa groapa oa phoaphorua hoaoTor, thla ia 
aot ao aag la (aet a alight ahlft to high fraguaaey oeeura (0.1 ppa for 
1ha -PhTj garlaatlaa). govorar aa oaa daeraaaaa tha alactroaagatlrlty 
of tha phoaphoraa aabatltaaata a ahlft to loaar fraqaaaey doaa raaalt.
^affaeta
lathaaa rigid atraetaraa, thoagh tha data la aoaaahat oeattarad, 
tha dlataat ¿-poaltloaad hydrogaaa oa raapoad to tha affaeta of aub-
Tha data raflaeta that for tha hydrogaaa a ahlftatltatloa oa C^ .
to high fraqaaaoy oeeara for all tbo darlratlroa «Ith raapaet to tha CB 
of adaaaataaa. Thla aaoaa to aaggaat that a ahlft to high fraqoaaey 
oeeara for a £  aabatltaoat la thaaa bleyelle ayataaa. Thla haa baaa 
aoaa bofera la tha l-aorborayl phoaphoraa darlaatlaoa for tha «ade 
hydregaa oa aad tha aya hydrogaa oa vbaa tha phoaphoraa la orlaatatad 
la a partlealar dlraetlee. Sa« gaetlea I.t aad g.3 raapaetlaaly. ta 
both of thaaa eaaaa a apaelal gaoaatry haa alloaad thla larga lataraotloa. 
Ia tha 1-adaaaatyl phoaphoraa darlratlraa a larga lataraetlea throagh foar 
boada aay raaalt frea tha p l a a a r V ^  gaoaatry feaad la tha bleyelle 
rlag (ahoaa la gtraetar« U  aad aa« Baetleo 1.4). Thla lataraetlea 
pathway aaaaa aoat «ffaetlr« for «laetroaagatlwo groapa oa phoaphoraa aa 
greater ahlfta to high fragaaaey oeear for thaaa aabatltaaata.
gtraetar« II.
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Llttl* la kaova akoat flae-kee« lataraettoaa la aklek kydrofaaa 
(for iraapla oa C^> aro £-»aaltloaad aaay froa a phoaphoraa aabatltaaat. 
Oaaallj tkaaa lataraetloaa ara aacllclbl# or ooak aad tho ovarall ooa- 
trlbatloa oaa aot bo oaallj 4otOralao4. Thla oa tho ohola, applloa to 
tho l-aaaaaatjl tfarlvatlroa althoagh a all«ht ororall ahlft to looar 
Iraqaaacy beoa aoaa to oeear for all dorlratlvoa. Alao It oaa ba aooa 
that aa tho aiAatltaaata oa tho phoaphorua bacoaa loaa oloctroaatatlro 
a (raatar ahlft to looor fraqaoaey oeeura. Tbaao aay ba valid traada 
aa la thla eaao 1) tho two boat boad-lataraetlea pathvaya aro oaaivaloat 
aad t) tho oa«o la rigid aad thorohj allow affootlvo throagh hood 
traaaforaaeo to thaao dlataat poaltloaa. It ahoald ho aotad that althoagh 
tho too hydrogoaa oa aro ehaalealljr laogalvaloat, vlrtaally Idaatleal 
ohaaloal ahlfta aro fooad for both, aad It la aot eloar Jaat ohat ovorall 
aoehaalaa prodaoaa thla avorago ehoaleal ahlft for tho too hydrogoaa.
t.4.1.4 J(P.I)
la tho l-adaaaatyl phoaphoroa dorlvatlvoa tho hydrogoaa oa aro 
Y-altuatod froa tho phoaphorua group at aad tho latoraetloa la through 
a thfoo-boad ooupllag. ^J(P,H) haa boon ooll docuaoatod for pathoaya 
la ohleh oarloaa latoraodlato olaaoata ooro proaoat. la tho P-C-C-l 
ayatoa. It appoara that thla oouplli^ aay bo dlhodral aaglo dapaadaat.
Boro tha phoaphorua la rolatod to tho hydrogoa through a dlhodral 
aaglo ea. BO*. Aa oaa ho aooa la Tablo B.4-7(B], tho ooapllaga aro la
tha ordor of >-d lorta for tha P ( I I l )  dorlvatlvoa. Thoao ooold bo 
oapoetod for a Barplua dopaadaaeo olth a alalaua at ea. 90* (aoo Soctloo 
3.4). It oaa alao bo aooa that a doeroaao la tho alao of tho eoupllag 
la aaaoelatod olth a daeroaao la tho oloetroaagatlvlty of tho aubatltuaata 
on tha phoophorua atoa. Thla la oapoetod aa tha phoaphorua hyhrldlaatloa
3la boeoalag elooor to £ aad thua aora ¿-eharaetar la eoaeoatratod la tho
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a.t »tyl W io— horw PTlxtlT»«
OeatiMita« o M  attMk ea th* eda*ataae •ystM. th* oiUr otiMr 
■wbatltaMt »Mlttoa «TsUakl* m i th* trlcy«lle omì« U  that laeat«« 
«i tk* MtkjlMM aij|. m a  la akoaa la ttcaetaM tafàl akara tka
a kf4rocaa oa C, la raalaead bjr a aahatita
atraetara alili latalaa
la la Straetara SS[B]. tha Bla
lo tha «enaapoadlac balMT tha plt aeaptla
aa4 ahleh Ila la tha pia 
eoatalalac
la Itraetara tS,
Itaalf la 4aatrapad
afBlvalaat
tha
arma la attaohad to C. earbaaa C.
ahloh hath aaaj fi tha
''10'
aabatlt
»la.
■t wUl
ahaalaally «Itfa
thaala
«Itta
la daflaad
13,C ehaaleal ahUta. b  thla
baia« MTlaatata« to tha alda
hp 3^1* tharaforo lapllaa that
at X. < earboaa that oh tha alte
«Iff-
tha
atad ■Z>. >l7 C^0 (vara) aa« C, <3aya) s
tha ahleh ara aaaj froa tha phoaphonia »taO
•Ip C (Yaatll C (tenti). thara oalp
aatl.
«Iftar
tppaa o( earhoaa, C, to C_ (•troetaro
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ttruetar* 13
As st«t«d prsTlovaljr i» ••«tio« 1.4, «ttsaptsd praparatloa of 1- 
•«■■•■tri pfcospfcorus darlTStlMS rswltsd ìb m m  e«MS of boti tlo 1- 
«»s ttao l-alaaaatyl phoaphorus lorltrott»#« feoiac forao4. leoevor, «hoo 
startlac l-bre»o adaaaataao, thla probità waa loaa aorleoa aad tba
^•p asA tho latoaaitloa abooad that tba l-adat ntyl darlratiro 
prodoalaatoé. Ibla alloood atralchtforoard dlatloetlob botooon tba too 
nnopniiailt tbla eoald bo oaally torlflad If a oaporiatat
•aa parfOTMd aad tbaa ooaparad wltb tbo aoiaal ^*C{4} apMttroa aa up 
to aorta paira of raaoaaaoos oeald bo doeooplod for tbo 1-adaaaatyl 
dorlratloo.
I.S.l ” p 1 1  Data of tbo 1 — --- ‘■j' Pboaaboraa Porlratlroa
Tbo pboapborua eboaioal ablfto for tbo aorloa aro abooa la Tablo
1.5-1. It oaa bo atte fro* tbla tabla tbat aapoetod ebaaleal ablfta aro 
ebtalaod for tbo dlfformt aabatitaoata aad aro la liao oltb tboao for 
tbo 1-adaaaatyl pboapborua darlratlroa aad otbor alallar pboapborua 
nn^nMdt Por oaaaplo, darlratlroa oltb olootroaagitlro aabatltuoata 
ooour to blgb froquoaey <ca. 116 ppa for tbo -iliCl dorlratlro) aad bulky 
aad/or aoro oloetropoaltlro aubatltuaata load to roaooaaeoa at looor 
fraqooaey (oa. -10 ppa for tho -PPh^ dorlratlro). Por darlratlroa ohoro 
tbo pboapborua atoa la chiral (l.o. -PPbCl aad tbo -PBrCl darlratlroa)
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TABLB S.S-1 mat CkMlcal nifta of
Pkoaphorua Coapowto
a-a atyl
•iibatitttMit 
a ■ a-adaaaatyl-a *
Proparatioa
Kill)
-"'a aoo.a [99]
-PCI, 1M.« I«T1
-PBrCl Ita .a («•]
-OPClj 1T3.S [49]
-PPhCl la t .t [Ml
-FPblr lSO-7 [Ml
< 1 49.7 [91]
-PPha -9.9 [sai
P(V)
P(O)<0Ma),
Ol
aa.i [53]
P(0)(0Ph),
M
1 1 .7 [M]
a iB ppa, a aiana alfB daaotoa aalMoa to 
low froqnoBcy of tSf >0.0 ppa
tha eaabeaa oa adaaaataao ohteh aro tko aaao boad dlataaeo aaaj, for 
oaaaplo aad Cj, will bo oboateally iBoqulraloat. Ihla earn bo abooa 
by a Naaaaa projoetlim for tbo aad earboaa oa tho 1-adaaaatyl aab- 
atltaoat for a -PPbCl dorlratlvo ahora tbo axla ia throa«h tho P-C^ bead. 
(Oiaoa ia Straotara 04.) dora tbo aaalroaaaata of aad will bo
difforoat aa tbo aubatltuoato on tba pboapboraa rotato, l.o. aa 4^
13dooroaaoa. Ioboo a dlfforoat C eboateal abtft atll bo aaaa for 
aad Cj. la tbo t-adaaaatyl pboapboraa dorlrattvoa tbo difforoaeoa aro
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Cl
structura S4
■Mil th«M tae earboa r«s«M>e«s «id «sa raportad aa a elastar
la tlM data for aad C^. Tka otkar earboas U  tha ea«a to irtiloh thla 
alfht aloo a^lf (l.a. C, ai^ C^; aad , ara too dlstaat froa tka 
phoaphorus group to foal tka sll^t dlffaraaeas la tkalr loeal aarlroawat 
to eauBo a okaaga la ekaaloal aklft graatar tkaa tka okaaraad digital 
raaolatloa (O.d la).
a .B .s  aad Data
13.
Ika eaikoa
Tka aaalgaMBta for tka dlffaraat C raaoaaaooa U  tka P(lll) 
darlratlraa aara aeklaaad kp tka folloalag aotkoda.
(oarrplag tka pkoapkoraa atoa) ooold ko aaally dlatlagolakad la tka aoraal 
^^C(^g) apaetrua aa tkla earkoa aaa aaaoelatad altk a larga aalaa of 
^J(P,C) aad llaa to klgk froquoaey of ail otkar earkoa raaoaaaooa.
A ID^’c OASn aaparlaaat aaa asad to dlfforaatlata kotaaaa tka Oi
aad tka CH^ earkeoa la tka oaga. Por tka CB raaoaaaooa, eoald ko
dlatlagolakad froa aad aa It la aaaoelatad altk kotk a largo 
*J(P,C) aad a okaaleal aklft to kigkar fraqoaaop. TOatatlaa aaalgaaaata 
karo koaa aada for earkeaa aad kot tkaaa aaj aood to ko latarokaagad. 
C,, ahlek la daflaad akeaa aa Iplag aza to tka pkowkorua aokatltuoot, 
akoold kavo a allgklp largar P-C eeopllag aad a okaaleal aklft of klgkor 
fraquaaep tkaa tka C, Caatl). Boaorar raloaa of *J(P,C) ara aaall aad 
It waa aot oftoa oloar aklek P-C ooopllaga aara largar. Roaaror eoa- 
parlaoa of ail data for ail dorlratlraa aaaaa to auggaat tka aaalpaoat 
glvaa. Por tka CB^ raaoaaaooa, C^^ afcloh llaa ayn to tha phoapborua
SUbStltUMt dlatlM>la vkteli lt«a aatl. by tbalr larga
dlffar im
tba largar J(P.C)
cbaatcal ahltt. Bara la aaaoelatad alth 
baaieal ahltt af bighar tragaaaoy. C. aaa
dlatlagala
balag arm
ad alaarly by 
bydrogaaa aaa
at a SD “ c/. ahitt earralatad asgari-
olatad altb tba C. oarboa ara iaagutralaat,
atl gaaltioaad ta tba pbaapbarua aubatltaaat aa Ibla
pradaead a typieal AB gaartat pattara lar tba H allaaa earraapoadlag
to tba CP_ la tba '*(C apaetr ID ■
apaetr aaald aat ba tba ragloa af iataraat waa tea ta
Tar tba P(V)
eaald
pboapba
abltta
ebaebad by
a-S bydraay
tba ebaaleal abtfta aad T-C eaopllaga 
> with a alallar eoapaaad, 1-dlaatbyl-
aaalgaad by
T-C aaapllaga ara llatad Tabla l.g-B.
at al
Ibla
Tba ebaaloal
preparad agata ajar dlacrapaaolaa aara faoad.
TABU l.B-a 13,C Cbaaleal Bblfta P-C Coupllaga far
B-dlaatbylpbaapbeaa-l bydresy ataaa*
Carbaa Ibiabar </Ppa i/ppa* J(T,C) / la J(P,C) /■«*
TT.a 77.3 180.4 180.4
«S 34.1 34.0 4.4
4.4
33.0 33.3 0.0 0.7
«5 (37.1) (37.3) 0.3
-
«0 38.1 30.3
1.0 -
S (38.0) (36.7) 1.3
1.8
«10 34.0 33.8 11.0
11.0
one 83.8 83.0 -7.3 -7.a*
• Tabai froa raf. t - Mot reportad
a Tabaa froa raf. 61 ( ) Aaelgnaant af
ba rawaraed
aad Cj aay
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TAM.I l.S -3  ^*C Ud Ck«aleal fklfts of 
VkMpkof«« D«rlvatt*«s t>adaauitrl
(A] 13.
CardoB
«3 «3 «4 «1 «1 ®7 «10 Otfeara
« • 7 i c 1 V
- " '3 M .ll 31.M 31.11 31.40 31.M M .ll 33.11
- 1C13 •1.43 lO .M 31.41 11.01 37.M M.71 33.M
- K l lr M .IT 30.M M.43 M . l l 31.00 M .IO 33.10
- K i l l 47.33 31.17 41.M 17.M M .M M.71 33.33 fAraaatlea:
- m ir 47.M 31.11 41.11 - M .M M .O l 33.33 |lM-141
• c
41.31- 33.17 40.31 H .M 33.11 M .M 33.41
- m 3 41.33 30.M 33.11 n . io 33.41 M .M M .l Aroaatlea:131-140
1(0 ) (OHo),
X ««
r t . » 34.1 31.0 17.1 31.1 31.1 34.0 OOI, •  13.1
1 (0 )(O il), 71.3 31.3 33.3 M .l 37.1 31.7 33.0 Aroaattea:
134-lM
111 3^ </»f*
l7dro(*B RiabBr
Sobatttiiaat
“ 3
>
“ 3
7
«4
4
“ 1
C 4
“ 7
c
“ 10
1
Otter
- " ' 3 3.71 3.M 1.31 1.71 1.11 1.74 l.M
-PCI, 3.7 3.07 1.33 1.71 - 1.73 1 .4a
-pair 3.7 3.01 1.31 1.77 - 1.74 l.M
-PClPk 1.43 3.13 1.31 1.90 1.70 1.11 O.M
-PVkBr 3.11 3.01 1.33 1.10 1.73 1.11 O.M
■ < D 3.13 3.11 0.11 1.13 1.13 1.09 1.31
1.71 1.17 1.01 1.13 1.11 1.90 1.13
- Not roportad
• IjrdxoBoaa oa C- ara laadulaalaat, hoaaaar ao ehaaleal ahltt dtffaraaeaa 
ara dataetad
a la ppd, ralatlaa to TMS < 0.0 ppa la CDCl,
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TAUil 1.5-4 R M  Oo«pltag Ooutaat« of
PkoairiMnio Dor loot loos
(51 *J(” P.“ C)/1«
t-adaaoatyl
C«i5o«
tubstltuoat
®1 s «4 «5 «5 «10 Othor
-PBr, 54.3 11.T 4.0 0.5 4.3 1.1 10.5
-PCI, 45.1 11.5 3.4 0.5 4.0 1.3 10.5
-PClBr 54.5 11.7 3.5 0.5 4.3 1.1 10.5
-PClPh 43.3 15.3 3.7 - 5.3 0.5 5.5
-PPUr 43.3 15.3 3.5 _ 5.4 0.5 5.5
-< !1 31.3 11.5 3.7 1.5 0.9 5.5 *¡r(fcss)«S - »
.pph. 33.5 5.4 3.1 0.1 1.5 0.3 5.3
/O"-P(0)(0llo)
/ »
155.4 4.4 0.5 0.3 1.0 1.3 11.5 *J(P0C) - -7.1.
-P(O)(0Ph) 145.5 4.4 0.7 1.3 1.7 13.3
(1] “j { " p ,4)/r«
Rydrogoa
Substltuoat
nr RC * 4 * 5 ■c * • ■ c ■«10 Otkor
-"'3 5.0 3.5 0.5 1.5 0.3 0.5 3.3
-PCI, 5.5 4.5 0.4 1.0 - - 3.3
-PClBr 5.5 4.3 0.4 1.3 - - 3.3
-PClPh 4.3 4.3 0.3 - 0.3 0.5 -
-PPbBr
■ < ]
4.3 4.3 0.3 - 0.3 - -
5.5 4.5 0.3 0.5 0.3 0.0 3.5
-P», 4.3 3.3 0.3 0.5 0.0 0.0 3.5
- Not roportod
* Hydrotoos oo C. oro 
dotoetod.
noqutvoloat, bovovor ao dlfforoaeaa aro
i»r
Th* a»d ekaalMl sklfts th* ▼•liMi of *J(P,C) aiid
mro civM la Taklas I.P-S aak MMI aaaljrsls of betk ID
aad t o  toekaivioa «oro oakloyo« (as ^«ioasly o«tlla«4 for tko otkor 
data la Soetloa t.B) to Drovaro tko data takloo. POr eoopariooa of tko 
offoet of a phospkoraa sMkatltaoat oa tko partlealar earkoa or kydrotoa 
of latoroot, tko ekaaleal sklfta la adaaaataao «111 bo uaod mgoin as a 
staadard.
l.S.S.l Ckaaleal Shifts
Ths earboB posltloas aay bo doslgaatod «1th rospset to tbo phos­
phorus substltaoat at bj tora offoets (prsrlously doaerlbod la 
SootloB 1.4.1.S). Thsso aro sho«a la Strueturo tS (sbsaa la Tabla 
S.ft-S).
I, tho Cj earboe la all
¿-offsets 
P(lll) Dorlvatlros
POr tho S-adsaoatpl phosphorus dsrl«a<
oasss Is shlftsd to hlghor froquoacy «1th rsspoot to the earboa of
adaaaataao. As oao laeroasos tho olsetroasgatlvlty of ths substltusats
OB tho phosphorus atoa a grsatsr shift to high froquoacy oeeura for this
C. oarbOB. Per oaaaplo for tho - dorlratlTO aa o-earboa shift3 « —
of 10.6 ppa from adsaaataao results aad for a -PB'^ dsrl«atl«s a shift 
of 31.3 ppa froB adsasataao oeeurs. la ths 1-adaaaatyl dsrlratlrss 
bovorsr, such largs ¿-earboa ehoalcal shift dlffsrsacss do aot oeeur.
Por axaaplo for tho 1-adaaaatyl dlbroao phosphlns, ths ehsaleal shift 
dlffsrsaes froa adasaataas Is 13.4 ppa for ths o-posltloasd earboa.
Thus this largs laerosas (ea. 7 ppa) for ths 2-adsaaatyl dsrlrstlros aay 
bs partially dus to ths rsaalalag hydrogsa on as It «ould bs sxpoetsd 
to bo vary aeldle. This la tura «ould also Inersass ths ehsaleal ablft
TUIil 1.S-» 13'c Substltat«« ChMaeal Mitfta for 3-mbatltutad 
itaaaa*
P(I11> Catkea Pealtlea ea Caga
•obatltaaata
«3
a
«3
8
«4
Y
®8
<
«8
c
«7
i
«10
__J£___
-"'3 31.81 3.8t 8.18
-0.10 0.38 0.88 -3.88
-PCI, 31.78 3.3« 1.70 -0.44 O.U 0.38 -4.08
-PClBr SO.M 3.38 1.83 -0.38 0.30 0.30 -4.10
-PClPh f.«3 3.77 4.10 -0.83 -1.01 0.88 -4.48
10.«1 3.87 3.88 -0.34 1.10 1.70 -4.34
-ppk. 7.83 3.10 0.03 -8.80 -8.84 1.17 -7.80
- Mot raportad
a Mbatltaaat ebaaleal aklfta la ppa. ralatlv# to adaaaataaa.
A alia daaotaa a akttt te lee freqoaaey ea aatatitatlea.
ef tkla earkoa. Larga aklfta ef alallar aagaltade eaa be aeaa 1er tka 
pheapberaa derleatleaa ef tka T-aerberaeajrl adduet ekara abaeidle pretea 
eeem. Cl.a. a *7*f ppa dllfareaca la reperted 1er tka or-carben
elth -Mr- aa the aabatltuaat.)3
¿-ellaeta
Por tka ¿_-pealtleaad earbeaa a ekaalcal akllt lacraaaa el 3-3 
ppa la aeea 1er aeat el tka derleatleea. Haré keearer the data aeasa 
te lluctaate aad ae traada are ebaereed.
2;-elleeta
Beth aad ara pealtieaad x raapect te tha pbeapherua
aubatltaaat at C^. leeeeer rarp dlllareat ehealcal akllt patteraa ara
aaae. fer earboa ae dllleraaea er ealp a aaall lacraaaa la ebaaleal 
akllt la ebaarred 1ro» tha alallar carbea raaeaaacaa el adaaaataaa.
I W
WkarMS tor tk* U  «11 darlvktlma • akltt to loMr fraquMey
oeeara for tkla earbaa. Tkla aatsaata tkat tka pkaaphorua
aobatltaaat kaa a graatar tataraettaa altk oaa ai4a af tka rlag tkaa tka 
otkar aad a «tkateal aagalar kapaaitaea oeeara. Saa faetlaa 3.3.
Loa« raaga affaata
Carkoaa C^, aad C,, kaáaoaa af tkatr graat dtataaea aaay fraa 
tka pkaaphania aakatltoaat at akaa la tka aaat part aaly allgkt 
aarlatlaaa fraa tka ekaaleal aklft af adaaaataaa. Of tkaaa akaaa 
tka graataat avarall traad aklek la ta gira a allgkt daoraaaa la ekaaleal 
aklft frea tkat af adaaaataaa. Ikla aaaaa ta ba fauad far all af tka 
dlffaraat autwtltaaata.
P(V) OarlratlTas
Proa tka llaltad aaaoat af data avallakla aa avarall tpaada eaa ba 
paatulatad. loeapar It la paaalbla ta abaartra tka dlffaraaaaa ta tka
A
taa 2,-paaltlaa aabatltaaita. laaaara kaa prapaaad tkat tkla affaet
la dua ta a dlkadral aagular dapaadaaea akarabp tka kaa aa aagla
c». 60* aad tka earbaa kaa aa aagla af 160* altk raapaet ta tka laaa
palr af tka phaspharus ataa. Tkla larga 160* aagla eauaaa a aklft ta
laa fraquancp af ca. 6 ppa altk raapaet ta adaaaataaa far tka earbaa.
Tkla kaa baaa aatad far tka eeapaoada abara tka earbaa la gaaeka ta tka
C -08 fuactlaa. la aaek af tka praaaat darlaatlaaa tkla alallar affaet 
2
la fauad. Par C. llttla ekaaleal aklft dlfferaaea frea tkat af adaaaa- 0
taae la abaorrad.
2.S.2.3 °J(P,C)
P(III) Darlvatlvaa
Slallar to tka 1-adaaaatpl darlratlraa, larga aao-boad caupllaga 
aro obaarrad far tka 2-adaaaatpl pbaapbarua aubatltuaata. In tka eaaoa
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•har* tka aubstltnaata oa tka ptea^nia ara alaetreeagstlve tha largasi 
eanpllaga oeovr, (l.a. far -PClj, -KlSr, aad tkaj ara aboat S3.0 >4. 
Aa tha aabatltaaata aa tha phasphama ataa daeraaaà la alactroaagatlrlty, 
aaallar ralaaa at ara ahaarrad. hasarar aeaa rarlaaea la
aatlaad wlthla thaaa aaa haad saagllag data aad thta aay ha daa ta par- 
tlealar aftasta af tha suhatltasat la qaaatlaa.
Far tha j-pasltlsesd earhaa C^, aaalaal esapllaga raaga traa 6-lS Ha
far tha «Iftaraat darlratlraa. losavar It la aat psaalhla ts aaa aay
2uadarlylac traada aa ts tha aaehaalaa far thaaa <I(P,C) la tha arallahla 
data.
Tha ralaaa at ’j(P.C) ars dlseaaasd la grastar datali la Saetías 
S.t tar tha tra dlttaraat altas aad Sararar It la latarastlag
ta asta that, aa ahswa la tha ehaaleal ahltt data tar thaaa darl- 
ratlras, largar lataraetlaaa ara absarrad tar tha P-C^ ^^ (aya) easpllag 
thaa tha (aatl) eaupllag, (hy a taetar at ea.S). Ihls agaia
aaggasta that phssphsrss lataractloa la graatar sa aaa alda at tha eaga 
thaa tha athar aad tha dlttaraaeas la dlhadral aagla ara lapartaat.
Sara tha dlhadral aagla hatraaa P aad la ea. 180* aad tha aagla
hatraaa P aad la ea. 60* Far hath aad tha Itudas at tha
P-C eaapllags daeraasa aa tha alaetroaagatlrlty at tha aahstltuaat aa 
tha phaaphsraa ataa daeraasaa la a talrly eeaslataat ray.
J(PC) la assaelatad vlth aad C^. la tha eaaa at C^, tha rsluas
at *J(P,C) ara alaeat aagllglhla far all subatltuant graups. Thla la 
aat aurprlslag aa tha dlataaca aray traa tha phoaphsrus graup at la 
larga. Sararar rhlch llaa aya ts tha phaapharua ahsra eoupllaga ta 
ha sllghtly largar thaa tar tha C^. Aa la aa tha aaaa alda aa 
it la raasaaahla ta aasuaa that tha largar eoupllaga ahould ha hath o d  
tha aaaa alda ot tha caga. Oa thla haala, aaaigiiBaats rara aada hatraaa 
tha tra earhaaa.
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Tbm v«lM of ^J(P,C) MaoetatM vith la naaaualljr larga and baa 
aMat tha aaM aagaitada aa tfea thraa-boa« eoapltag aetad for C^. Alao 
thia largo eoMpllag oagaitudo for tho P-C eoopliag àt la ubaarrad 
oolp for P(lll) dorlratlroa. T h U  tbaroforo o o o m  to rulo out aap 
apoelal patb gaooatry arguaaata aad auggoata tbat porhapo tba aloetrou 
pair of tbo pboophorua oay oako aa laportaat eoatrlbutloa. Thla aay 
bo llkaaad to long raago ahora groupa ahleb ara orloatatad at
0* or IM* produea largar eoupllaga.
P(V) Darlaatlvoa
*'J(P,C) ta tba bjrdroxy pboapheaatoa la eoaaldarabljr largor tbaa for tbo 
■tapiar pboapbatoa. Tbta ta aortftod la Tabla t.S-S fraa Baaoara'a 
data* aad alao aotad by Gray**. Tbo tao-boad eoopliag for tbo P(V) 
gortaattaaa alao aaaa to fall ta plaoo attb tbat of Boaoara. Tbta ta 
gtaoa ta Tabla S.5-8 for oao-8-dtaotbyl pboapboao aorboraaaa aad for 
8-dtaatbulpboapboao-8-bydroay adaaoataao. for tbo £-<>-■• eoupltag 
MeParlaao*^ baa dotorataad tba alga to bo aagattao la atatlar PbP(0)(OHa^ 
ooapouada. *J(P,C) of tbo P(V) darlaattroa aboa largo dtbodral dapaadaaea 
aad tbta la dtaeuaaad ta ioettca 3.4.
8.S.2.3 R Cboateal Sbtfta
Haro agata, aa ta tha 1-adaaaatyl dortaatlTaa, tba cboateal ahtfta 
of adaaaataao ara uaad aa a rofaraaeo to tatorprat tba affacta of pboa- 
pborua aubatttuaata at for tba dtffaraat poatttoaad bydrogaaa tn tha 
eago. Tba eboateal ahtfta of adaaaataaa aad tba dtfforaut bydrogan 
poattlMO of tbo 8-aubatttutod adaaaataao pboapborua dortratoa ara ahown 
ta Struetura 35.
Structura 35
Table 1.6-« above tba aabstitaaat ebaaloal sblCts for I-aabatltutod 
adaaaatjrl 4orlvatlvoa.
T M U  t.»-« ■abstltatoot CiMaieal Mlfta for t-siibstltatad 
Maaaatyl Borivatlvoo
»(III) ■ydrogaa »ositioa oo Cago
•ubatituaats * •
5
* 3
Y
* 4
5
* 5
c
wc •
__4___
“ 7
c
*10
<
■” '1 1.04 0.51 -0.35 -0.11
-0.15 -0.13 -0.11
-fCl, 0.55 0.10 -0.41 -0.11 - -0.14 -0.33
-KlBr 0.55 0.11 -0.44 -0.10 - -0.13 -0.37
-fClMt 0.57 0.15 -0.54 0.03 -0.05 -0.06 -0.77
- m i r 0.41 0.15 -0.51 0.03 -0.01 0.04 -0.76-'C 0.75 0.14 -0.55 -0.14 -0.13 -0.71 -0.54
0.03 -0.10 -0.74 -0.35 -0.14 0.03 -0.13ffbj
- Itot rofortod
• ■ydrogoaa om C- aro laaqulvaloat, hovovor ao ehoaloal ablft 
dlfforaaeoa aro dotoetad.
a •obatltoaat oboaleal abtfta la ppa, rolatlvo to adaaaataao.
A alala alga doaotoa a shift to lov frodaoBCf oa aabatltutloa.
0-offoots
Whoa O M  of the hydrogoaa at C, la roplaeod by a phospborua aub- 
atltaoat, tba otbar ¿-poaltloaad hydrogoa, as abowa ia Table 1.5-3, 
ablfts to high froqaoaey. Tbla ¿-affaet la aeoa for all of tba phosphorus 
g^ri^tlaoa sad eaa result la aa laeroasa as largo as oa. 1.0 ppa for 
the darlvatlvae with alactroaagatlvo substltuoata. A slight dacraasa 
ia the aagaituda of the diffaraoca is obsarvad aa the aubstituaats oa the 
pSoaphorua atoa daeraaso ia alectroaagativity though alight varlatloas 
oeeur throughout the data for the particular aubstituaats.
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Ittr U »  x-kM*«CMi *t C,. aa laeraaaa la frataaacy la tka ehaatcal 
akltt oeaora. tfcla la aayaeUlly tiaa lor tfca alaatroaagatlTa aiA- 
atitaaata. Aa aaa daaraaaaa tka alaetroaagatlTlty ot tka aakatltaaata 
a aaallar laeraaaa oeeora.
LoBC raaga affaeta
aa« Cjj kj«n>c«aa ara betk aklftad alliktly to loaar fraqaaaey 
vlth raapaet to adaaaataaa. Tfcla aaggaata that tka ¿  aftaet acta aa a 
aklal«la« oaa afcara tka kydrogaa la laaa affaeta« tkaa tka 
kydragaa. i^recaaa aa C,, aad C,. bala» aary «lataat fraa tka 
pkoapkoma aakatitaaat, akoa llttla ekaaga la tka ekaaleal aklfta 
ralatlra to tkat la ailaaaataai aad tkaa llttla laforaatloa oltk raapaet 
to eoafaraatlea porpaaaa aay be kad fre* thaaa particular bydxagaaa.
I.S.S.4 J(P,I)
P-k «"~pi «ap l-a«aaaatyl pkoapkoma dorlTatlaaa akoa aa tka
ahola «o obaarmbla traada wltk raapaet te tka aubatltuaata af «Ifferaat 
pkoapkoma groopa. Iba alaa of tka eoupllag for a particular kydmgaa 
te «apead a o m  aa tka aakatitaaat groap laaolrad- goaerar, It 
«oaa aaaa poaalkla to rarlty aaalgiaant by tka dlffaraaeaa la aagaltuda 
far tka coopaaad oaaeoraa«. Par aaaapla, kydrogana akoa aaall 
*J(P,H) (0.3 to 0.« Ha) for aaek af tka atmetuma i*«r«aa tka 
kydrogaea, ahlek a m  alaa ¿-paaltloaa«, akoa mck largar valoaa of 
*J(P,H) (1.0 to 3.0 la). thla aaggaata tkat lataractloa altk tka phoa- 
pkoma eubatltuaat la graatar aa tka alda al tka rlag. Tkla la 
la agraeaaat altk tka aaalgaaaata forMd by arguaaata froa tka 
aaalyaaa. Por tka Cj kydrogaaa, agala tka *J(P,k) akoaa aa partleular 
traada bat mthar rarlaa la alaa dapaadlag aa tba allght dlffaraaeaa far 
a aubatltaoet groap. Boaarar larga eoapllaga (3.0 ta 4.5 Ha) ara
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food «kiek mäj remit froa tke atteets ot a dlkadral aa«la- 
dlaeusaad la Saetlm 3.3.
■afaimoaa - Ckaatar 3
1. D.W. «klta, J.O. Vaikada J. kaaa. kaaea. 3. 111 (1370).
3. O.V. kaekaaaa. J.k. Bmaa Can. J. Ckaa. 53 . 604 (16TT).
3. C. kaaasra J. Aaar. Ckm. ioc. 90. WtO <19T3).
4. a) T. laklkara. T. Aado. T. Muraaaka. K. Salto J. Or«. Ckm. 43.
666 (16TT).
k) 6. Wiaatala. J. Seaaaakarg J. 4aar. Ckaa. 6oc. 63 . 3366 (1661).
5. C.J. TVraar Preg. la loot Opacroa. 16 . 311 (1664).
6. A.kax Tm-Dlaaaaloaal Saclaar Madaatlc Baaa»— «« <- 
Oalft Oalvaralty Praaa, Dalft tollaad. 60-68 (1663).
7. A. lax J. Maaa. lama. 63. 146 (1663).
6. a) P.T. Haraalahaa. M.T. Bogara J. Ckm. 6kya. 34. 1046 (1661).
b) D.O. OeroaatalB Brea, la BMB Bpactroa 16. 1 (1663).
6. 0.6. Bttchaaaa, C. B m m r a  Caa J. Chm. 64. 331 (1676).
1 0 .
L.D. Quia. M.J. Oallaghar, O.T. Cuakla. D.6. Cbaaaut J. Aaar. Chm. 
6oc. 103. 3196 (1660).
C. S m m r a  Tatrakadroa Lattare 81. 4471 (1660).
J. Thlm. 3. Bayer Or«. Maga. Baaoa 11. 80 (1076).
H.J. Callet. C. Baamra Caa.J. Ckm. 80. 1076 (1673).
L.D. Quia. B.D. Oordm. 8.0^ Lao Org. Baga. Baaoa. 6 . 809 (1674).
B.O. N m t m .  B.S. Paataloo, 8. Blrbaay. 6.L. Alllagar J. Aaar.
Chm. 8oc. 100 . 3176 (1676).
P. Baake, J.P. BcBaal, B.J. Oöldmlth Ibld. 60 . 718 (1966).
B. Llppaaa, T. Pabk Bm. Taolllmua 34, 1001 (1667).
B. Llppaaa, T. Pabk Boati W8V Tmd. Akad. Tola Km. Oaol. 17.
210 (1606).
6.J. Boralay, B. Btaralloht. J. Cohaa J. Aaar. Cbm. 8oe. 63,
680 (1070).
205
10. t.T. Cheaaey, D.M. Oraat 1U4. M ,  SSIO (lOOT).
1 1 . D.t. DalltM. O m t  Ibl*. M ,  Mi l  (IMT).
11. D.E. DofMB, S.J. Aaiyal, J.D. Bobarta Ibll. M .  1111 (ItTO).
13. J.l. Orataaar, M. Jaatalat, J.l. Oaaea. l.á. laltb, J.D. lobarta 
I b M . M ,  n«T (ItTO).
14. a) K.D. iMMibaya. 0.1. lUalal Ibid. 04. 1141 (1071). 
b) ■. Cbrlatl Cbaa. Bar. I M . 1711 (1071).
15. I. Oabaa, C. laaaara On. Maia. laaoa. 1. M O  (1073).
M .  A.A. Batbaar-Oy. R.R. Caa J. Obya. Cbaa. 73. IIM (IMO).
17. H. Oarflald J. Aaar. Cbaa. ioc. 101. 1 (lOM).
M .  L.B. Qala, L.R. Llttlatlald J. On. Cbaa. 43. 3804 (1070).
10. L.D. Qalb. b.R. Llttlafiald On. Maga. Raaaa. 11. I M  (1070).
M .  0.1. Mladwrtar, P.J. Rnpo J. On. Cbaa. 41. I l ls  (1070).
31. R. 1-fi-- . T. Pabk. J. PaaalTirta. N. Ralikera. A. Plata On.
M—  Maaaa. 1. M l  (1070).
31. T.D. Aliar, D.a. Oraat, R.O. Paul J. Aaar. Oaa. Roc. M .  0307 
(lOM).
33. D.R. Oraat. R.V. Chaaay Ibid. 00 . 0310 (1007).
34. R.V. Chaaay. D.R. Oraat Ibid. 00. 5310 (1067).
30. D.R. Dallln, >>•■■• Oraat Ibid. 00. Mil (1M7).
M. R.V. Chaaay Ibid. 00. S3M (lOM).
37. T.P. Fomat, J.O. labb On. Maaa. Raaoa. 11. 371 (1070).
R-J. Oabaaldar, W. Oaahwladar. R.P. ValRaad J. Aaar. Cbaa. Ooc. 
101. TIM (1070).
J.R. Stotban, C.T. Taa, R.C. Tao Caa. J. Cbaa. 01, 1003 (1073).
P. Rrua, J. Caaaaora, J. Hataa, On. Rain. Raaaa, 037 (1070).
R. Tan, T. Tauahlaa On. Rana. Raaoa. 0 . 314 (1074).
D.O. Ooraaatala J. Aaar. Oiaa. Sac. 00. 2254 (1077).
R.L. Rllal, W.F. Rallay, L.D. Rapp. t.L. Villar. D.R. Oraat,
1 . Bartraad, R.A. Chrlataaaaa, D.R. Dalllac, R.W. Daeb, R. Vaakart, 
F.R. Sehall, D.V. Caohraa Ibid. 07, 3311 (1070).
V. KltehlaR, R. Rarrlott, V. Adeodt, D. Doddrall J. On. Ckaa. 41. 
1071 (1070).
206
4».
W.A. Ay«r, L.H. Broma, t, rvm, •*•«»•» r«« i ChaS:. M.
3BTB (ItTB).
0. C. Lary Id. To.le. In Cmrba.-1B m a  Bpactro». S. ek.»t.r S 
a#TB).
B.B> ?»•••» C— . J. Cina. 40, TB (IBBB).
J. PmMlalrta Btio« K— . 3H,. <!•••>•
1. »»ri, T. Bata, B. Baaayaki. Taakaao. T. taajl, B. Taalda
48 » 986 C1964) •
O.B. WaBl Jr., B.L, Oraaaa, J. Bordaar J. CBaa. Boa. Oa». Coaaunj. 
BBT (1BT3).
». ChaBalek, A.C. Lar». B-». « “ •« J. CBaa. Boa. Faraday Trg»^ 
t ,  B0B4 ( m i ) .
B.L. Alllagar. B.T. tribbia, B.A. Blllar, ».B. Wabta J. Aaar. Chaa^ 
Boa. »3, 1«3T (mS).
B.B. Baciar, J.D. Aadaaa, P.a.B. Bablayar Ibld. »&, BOOB (1BT3).
, B. Ooddaek, B.B. laalo Org Baga Baaaa. Ij, 33 (IBBl).
. J-B. o n m t h a ,  B.L. Oaaa, J. Bbarldaa J. ttaa. Baa. Faradaj Traa». 
3, 133» (1»TS).
se. a) O.A. Olab, 3.0. «lU, V.V. irlabaaaortby, B.B. Bld^ *■»£:■
a~» 106 . 44B3 (1904).
b) O.A. Olab, B.P. Blacb. B.O.B. Oupta tiSSàSll. S 2  O “ »»-
»7. B.3. Cbaolya. B.B. Bllaa. B. Abbtar Pbaapbara» aad Balghur 7.
337 (1»T»).
8B. 0. Barai *— i- Bamirt. a» BMB »aaetroa. » .  1 (Xt»»).
3». B.C. Pari Jr. -a.,« Baraal Dakkar. Baa tbrk. 17. (XBTB).
CO. L .  PbUllpB. V. »rat 3 .  Cbaa. »oc. Parbla Traaa^ » .  33» a ^ » ) .
»1. ». BeParlaaa Proc. B. 3oe. taedoa Bar_A, »0». 113 (1»»»>-
33. O.A. Oray 3. Aoar. Cbaa. Boa. »3. 313» (1»71).
207
a u r m  3
[1 ] m  iFncT or d i b i o m l a m l i s  om codpliho ooNnons
3.1 latrodiMtto«
protoa-protoa eoapltBf* *-!(■.■) b**« •zt«apÌT«ly
utllla«« 1> cMÌoraatloul analrala. Hovatrar, tha ealavlatloa of
ta Baeh aara caaplleatad thaa ot aaa-boad ar «aaiaal eanpllac 
eaastaata alaea faor atoaa, thraa distaaeaa, taa iataraal aaglaa, aad a 
dlliadral aa«!# ara raqalrad ta daaerlba tha aataratad ayataa. Vlciaal 
protoa-protoa eaaplla« eaaataata la aataratad ayataaa raaga hataaaa 
-0.3 la te >14 la aad aay dapaad oa all af tha ahare paraaatara.
OhTlaaaly thara la dlffleulty la aaparatlag tha affaeta af tha iadlrldual 
eoapaaaatd' la arder ta uadarataad thaaa traada la tha oaapllag rarlatleaa 
area aa a qualitativa haala. Wowavar, oaa af tha aera frultful thaa- 
ratleal eoatrlhutlaaa to tha latarpratatlaa af oeupllag eaaataata haa 
haaa tha valaiMa head traataaat hy larplua^’* af la athaaa-llka
tra^eata 1^ -ij^  . The aoat uaeful eoaclualaa ta eoaa ant af
thla atudy la that thla eeupllag dapaada draaatieally aa tha dlhadral
angle hataaaa tha banda.
ralatleaahlp af tha fera;
• A > B coa^ > C eoa^A
Tha raaulta giva a
[3.1]
j^la daflaad la tha Navaaa projactlan in Flg. 3.1-1 aad typleal valuaa 
af tha eaaataata wara propaaad to he A «4, B b -O.S aad C b 4.S la.
Fio. S-i-i Ha

dlff«r«at vmliMa of tb« dibadral aa«l«. tapirlcal ■odlfleatlona of 
tlM Karplud ourr* to tdkd .«batltawit «ffact. tato oeeoiMt by ■odltrlX 
tbo oooataBta A, B and C baaa baaa nadartaban aad ba*a aat wltb aoM 
aoecaaa wltb aa arror aartta ot a faw dagraaa for a aulì of 90«“ . Tbla 
aaaaa of eouraa. oaa bas to ba eaatloua la applrtag Karplua-llka earraa 
to elaaaaa of eoapouada whora rolatloaabipa bawa aot baaa aatabllabad.
3.1 Batboda of Calcalatioa
Sawaral aatboda to locata tba patata eorraapoedlof to tba (eoapllag 
eoastaa^aagla) Karplaa-llba oarwa aar ba aaployad: (l) tba rotaMr 
populatloaa eorraapoadiag to tbo obaarwad palata aay ba ■aaaorad by aa 
ladapaadaat aatbod auob aa la a dlpolo-MMat ■oaauraaaat; (1) tba 
populatloaa aay alao ba aaaaurad by tbaoratloal traataaato of tba aolwaat 
or toaparatura dapaadoaeo of tba eonpllag eoaataata aad ftaally (S) 
kaowladga of waluoa of ’j(X,T) darlwad froa tbo larga auabar of raoordad 
obaorratloaa oo aaalogoua lataraally rotatlag or rlgld ayataaa aay ba 
iioad to ebooaa appropriata waluaa of J(X,T>", J(X,Y) • ate
... to fta tba potata dlraetly. la tbla tbaala aa Appio eoaputar 
graphlea prograa (Chaadata)^’ waa uaad to aatlaato tba boad aad toraloa 
froa baowB taputad paroat eryotal atruetura data whora tba X-ray 
aaalyala lacludod ualt cali eoordtaatoa (oaa Tabla 3.1-1). Thaaa wara 
opttalaad for tba warloua phoapborua darlwatlraa ao tbat roaaoaablo 
4^godral aagloa eould ba dotarolaad la thaaa aaw otructuroa. Oaly 
approataata waluaa aay ba obtalaod, awaa frou eryatal atruetura data, 
aa coaforaatloo la aolutloa eould ba dlffaraat. Tba J(P,X) coupllag 
CMataata frou aaay proparod alallar darlwatlwaa (3-aorborayl, 7-aor- 
borayl. 1- aad 3-adaaaatyl) aa la aathod (3). wara plottad ^  a eoaputar
X(0
fit progrna t'Aroii«k th* Ksrplus r«latl«a glTM la IquattoB [3.1]. A
thr««-paraaat*r Itaratloa wmi parfonMI oa tha pkosphorua data to fiva
a boat fit to tho Earplua aquatloa aad allovlag aatlaatos af eoeataats
A, ■ aad C aad tho staadard doTlatlaa Halt (whleh aaaauraa tba eloaaaasa
of fit af tha data to tha Karplaa aodal). la addltloa, oeo aay aatraet
tho valoan of at oxtroaa Taluaa (4 > 0* aad 4 > ISO^ pradlotad froa tha fIttlag
pracraa aad la tha alalaal rofloa, tha polat . 4
. -■ caa 4 . “^aia 4C
Tabla 3.3-1 X-ray Struetaraa aaad for Flrat tstlaatloaa far 
Dataralalac Mhadral Aa«laa
Dorl*atl*a Paroat ■truetaro X-ray Aaalyala Mforoaea
a-Borbomyl oao-K-(aaorbomyl)b«aaaaldo 13
T-aorboraoayl aatl T-aorboraanyl p-broaobaaaoata 14
1-adaaaatyl 1-cyaaoadaaaataaa IS
3-adaaaatyl a-othyayl-3-adaaaatawol 16
3.3 Tha laflaaaca of Coatoraatlaaal and Suhatltuaat Iffacta oa J(P,X) 
Ooaaral: .loeauaa of thalr aall-daflaod aolaeular gooaotry, rigid 
bleyellc ayataaa (a.«, aorbaraaaoa) bar# booe oatanalvoly utlllsad for 
doaoaatratlag th« oeeurraaeo (or aot) of dlhadral angular dopondoneaa 
of ylclaal eoapllaga. la thla aoctloa, wa *111 eonaldor brlafly aoaa 
of tho eoaforaatlvaal (gooaatrle) and aubatltuant (oloctroale aad atorle) 
offoeta of ^J(P,C) .uMI ’j(P,X) Taluoa that bava baan atudlod apaclfloally 
la thoaa ayatoaa.
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3.S.1 _JiPjCi
a
J(P,C) ooupliag* kav* b«wi aaMarad la • r«M* bierelle spacias 
laelttdia« phospkiaas^^, phoaphataa*, plMtphlaa aaldas^*, phasphlaa
saltldas^^*^* aad phoapkealaa aalta^^. A«ala aoaa aaldaaea haa sacgaatad
apoaslbla eoataraatioaal dapaadaaca o( J(P,C) ahleh aay also ba ralatad
to tha hjrbrldlsatioa stata of tha phosphoras ataa. Qaia at al^^ haa
astabllskad a dihadral aagla dapaadaaca far ^J(P,C) la aya aad aatl
T-aorboraaayl phosphlaa sulfldas aad pbosphoalua salta. Thlaa aad 
10Mayar appltad a tarplas-llks ralatloashlp to alelami eoapllacs. 
^J(P,C,C,C) la pboaphoaatas ahleh gara tha usuai alalaaa at 4 > 00*
(J f 0 Ha) aad aazlaua (or £  at ^ - 0*^180* ^Strueturo n).
Struetura 20
17
* (Ittlag ealeulatloa gaaa tha aquatloa J(P,C) • 7.35 - 1.76 eos4 ♦
7.00 eosS.
la tha casa of P(III) ceapouada Karplus-llka curaos olthar fallad 
to show thls typa of ralatloaahlp or bad a curae alth a alalaua quita 
dlfforoat froa tha usual 00* posltloa. PCl^ aad PMs^ darlaatlaos of
Borhoraaao ara roportad as appaarlag aot to haao such a alalaua. Thls
3 21aay rosult posslhly froa tho fact that J(P,C) cao haaa aogatlaa aaluas .
33Otbor storaochoBlcal offsets such as orloatatloaa of tho olaetroa palr 
and proxlalty of tha alaetroa palr*^ (ahothar tho aloctroa palr la la aa 
acllpaad or ataasarad arraagoasat alth raspaet to tha aoarost earhoa) 
saos to play an iaportaat rolo aad thla la tura affocts tha ostlaato of 
tho dihadral anglas and tha eoupllag £^. Laeh of data la tha caso of 
P(III) coapounds has aot allooad eryatalllaatlon of thought la thls araa.
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3.3.1.1 Iat«rpr«tatloa of J(P.C) data la taraa of 
dapaadaaea oa Dihadral aaglas
As grsvtoaalr statad (Isctloa 3.3, Takls 3.3-1). dlksdral aagls 
sstlaatioaa as«« dstsialasd fr«a haoaa erystal strnetara data for ths 
tarleaa P<1II) esapoiaida. Ths Tarloos dilMdral aaglas obtslaad aad ■
data
riasd la Takls 3.3-1. Tks dltfsrsat saluss for tho dlkodral
assd sltk tko argsrlBaatally ealoalatod ^J(P,C) froa
aaslss asrs oktalasd la tks folloalag aay. Ths rslsraat dlksdral
aaglss la tks t-aorkorayl stmeturs ars: ^J(P.C^)/ 31.3*; ^J(P.C^)/
116.8»: *,J(P,C^)/17S* tor tks sao dsrlratlroa aad J(P,C^)/44.S*;
’j(P,C^)/116* aad ’j(P,C.^>/lS0.6* for tko sado dorlvatlass. Tks
rsloraat dlksdral aagla T-aorkoraoayl stroetars aro J(P,C|)/S7*
aad 'j(P,Cg)/164*. Ths 1-adaaaatyl stroeturs gars tho assoelatod 
dlksdral aagls *J(P,Cj)/178.S* aad tks S-adaaaatyl atraetars dstsralaatloa 
gaaa ths assoelatsd dlhsdral aaglss ^J(P,C^^)/S7.1*, aad ^J(P,C^)/177.3*.
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I2/V
Tabla 3.9>S Coeverleob of tha Panaatara (la) for tba Karplus
S 9aquatloa: J (P.C) • A > Beaae «’Ceoa'l ahaa for
11«.0* and lie.S* la poaltlra aad thaa M«attra la alga.
P<III)
dorlTOtlra
«Üih
(6ag)
A
la It.Dav.*
■
la It.Bov.* la
C
Itd.Dar.*
-P^D 1*1 116* 10.6 3.10 6.4 3.70 4.6 3.63
-< 3  t*l lOT* 6.6 1.41 16.3 3.46 18.6 3.86
■taadard darlatloa «alua (X10~*)
ta asaaaad poaltlro for ail raluaa
la aaaoMd aacatlva for 11«.0* aad 11«.•• 
pooltira for raat.
« a u  at al^^ haa allodod to tha poaaUUltp of o o m  ’•)(P,C> ooaplla«a 
bala« aaiatl'va U  tha S-aofhorayl oa«aa. la partloolar tha eoapllata la 
Tahlaa 9.S-1 lUkod alth tha 116.0* dUadral aatla (ahloh la aoaoolatad 
wlth tho eoahlla« P _ ^  to C.) aad tha 110.8* dlhadral aa«la (i*leh la 
aaoooUtad «Ith tha oonplla«. P___ to C.) oaaa to laad thMoalroa to a 
hattor larplua fit eorro If thalr eouplUca ara eoaaldorad to ha aocatlra. 
Dafortaaatalj propar alfa dotaialaatloa eould aot ha parfoxaad oa tha 
praparad dorlratlroa. loararar a typleal ooaparlsoa eaa ha oaaa ( U  
Plg. 3.8-1) hy aaaaUlag tha dlfforoat ploto aad tho raluoa la Tahlo 
3.3-3 for tha dlthlol phoapholoao dorlratlroa. la Plg. 3.3-1(A] tha 
yaluas of ^3 aro ail plottad aa poaltlro aad U  (■] tha raloaa oorraa- 
poadlag to 116.0* aad 116.8* aro plottad aagatlro aad tho raat of 
aro plottad aa poattlro. Cloarly a bottor fit la daaoaatratod la [B]
3«hleh laeladaa tho too aogatlvo J raluoa.
Alao tha 6^^ raluo la oueh oloaor to 60* ohleh ohould ho aapætad 
for a dlhadral aagla eoatrol of *J(P,C). Though rary faa aagatlra
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F i( .  3. 3*1 J p  _ Plot* o f the dithiolphoepholanc d erivative*  (Ha) 
a* d lunction o f the d ihedral angle 0  (deg) where;
[a ] a ll  value* o f J a re  plotted a* poeltive 
[B] a l l  value* o f J a re  plotted a* poeltive with J 
value* with ca. 116  angle* plotted negative
(Ik)
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’j(r,0 oooplli«« k«T« b M «  eltod la tlM Ittaratvr«, t M  Mcatlv* 
traloM tor tb* U  tb* S-aoiberarl «•rlTbtt«** •••■ to bo •
eooalatoot trabé tor oil of tba rolatloboblpa atbdloé boro. looeo tbo 
root of tbo »lota f w  tbo otbor P<1II) éorlootivoo aro ooaalatoat 
vltb tbo ai«loa ll«* aaé 11«.S* bola« ooooolatod «Itb aofatloo oolaoa 
of tbla oooplla«. (Soo Fi«. S.S-2(A] to (!]).
rabio 3.S-S Valuoo of boot Itoratloaa tor tbo Faraaotora (la) la 
tbo Karpluo Iquatloa - *«10006 ♦Ceoa*» for 
ooalaatleo of ^J<F.C).
F(lll) A B C «ala
dorloatloo ■a Bté.éor.* ■a Sté.éoo.* ■a Std.Doo.* (60«)
FBr, 1 1 .0 1.04 16.6 1.98 18.9 l.TS 109
FBrCl 1 1 .6 1.89 15.B 8.30 11.4 8.81 lio
PCI, 10 .6 1.31 14.4 3.41 10 .6 B.84 lio
F«Bto), 1 B .6 0.50 15.9 0.94 11.5 0.81 lio
P(BBt,), 11.3 1.56 16.0 8.69 1 1 .6 8.39 lio
<] B .6 1.41 16.8 8.49 13.9 8.55 lOT<] 0.4 1.35 16.1 8.80 14j0 8.81 107
0
PFb,
15.3 3.93 15.9 3.48 5.9 5.09 184
7.7 1.46 13.9 8.55 10.5 8.43 109
10 .0 0.93 14.B 1.6T 18.5 1.64 107
rnmmn
mrmrñgm: 10 .6 15.5 11.7
a Staaéaré dorlotloa raluo la (XIO )
la Tabla 3.9-3 paroootora for *, B aaé C la tbo Earplaa aquation: 
*J(P,C) ■ * ♦ B coo9 ♦ Coa*4 aro tabulatod for oaeh of tbo plota. Aloo
217
th* *•!«• tor M e h  plot la laoladad. It o m  ba aaaa tbat lar 
^J(P,C), davlatloM la eowparla« tha aaluaa a( à, ■ aad C far ail 
darlratlraa ara aadarata aad tha ralaaa af ara aaaataat. Tbla 
m j  ba aapaetad aa tha oarbaaa ara bald la a rl«ld atniatara aad baaea 
lltUa dlatortlaa U  tha paraaatara ar ahaald ba aaaa. Aa ahataa 
im Tabla 3.9-4 a alalana dlhadral aa«la alfabrale ralaa af ea.llO* la 
faoad far tha P<I1I) elaaa af eaapauada whleh la a aa« raaolt. la 
thla eaaa «haa tha raloa la larpar thaa »O» <lf 3/4C la aagatlra 
aad af aa abaaluta ralua laaa tbaa eaa) thaa tha Karplaa faaetlaa pradleta 
that J<0«) > J<ldO*). Thla la abawa far ail plata. Thla lapllaa that 
praopa arlaatatad ola wlth raapaet ta tha phaapbarva wUl flra larpar 
..««|.n.p aapaltodaa t*«« thaaa «hleh allpa tbaaaalraa la a traaa 
paaltlaa Cl.a. la tha 3-aarbarvl phaapharua
darlratlraa.
Ika data «adarllaad la rad la Tabla 9.3-1 hara aat baaa naad la tha
ealavlatloa af tha plata aa thay «ara aa aat af llaa «Ith tha raat.
Thla lapllaa that athar addltlaoal foetara læladlap ataraaohaalcal
17 24affaeta (aa dlaeaaaad la Chaptar 9) ara praaaat. Quia aad athara 
ha«« ahaoB that dlhadral ralatlaaahlpa oay ba dlffaraat «Ithla tha 
pbaapharaa elaaa aad dapaad praatly upou tha eaardlaatlaa af tha phaa- 
pbarua atoa. Far P(IIl) darl«atl»«a alaetrea pair arlaatatloa (aaa 
Chaptar 9) la olaa lapartaat. laaea tha abealeal pletara la a aaa- 
trlTlal aaa. Claerly «ara aark la aaadad ta elorlfp thaaa laltlol 
fladlapa.
2IB
rig. 9. 3-* lA| to lt| Karplus P lo t* for various P ( l l l )  groups as 
a (unction o f th « dihedral angle (deg ) ---- '^p.C
Fig. 3. ¿-2 cont’d.
Fig. 3 .2 -2  cont'd.
Tabl* 3.S-4 »««««■“—  as4 HlalauB ValiMS tor Sea* Kill) DarlTmtlvu
for plots*
Kill)
Darlwatlwas
♦aU
dag I s
«  -0* 
(■s)
4 -  leo*
(■s)
PBr, 109» -4.M 40.4 8.4
pa. 110 -3.10 37.1 8.7
PClBr 110 -a.5« 3«.« 5.8
P(OIU), 110 -1.72 39.« 7.7
Pent,), 110 -3.10 38.« 8.8
P ^ l 107 -7.07 39.0 8.8
N i - I<3 107 -«.«O 39.4 7.8
124 -s.sa 46.0 5.0
pph. 10« -3.43 33.3 3.7
«•a 107 -4.48
37.1 8.«
a Valuas ea]Leulatad froa a thraa paraaatar fit
Itaration
For P(IIl) dorlrstlTOS dllMdrsl saglos asp offset oot oalp tkroo 
eeupliocs but also two bond coupllncs. It lo known froa soworol 
studios of both botsrooFcllc**'** snd ocyelle phosphlnos tho
*J(P,C) is eoatiollod by tho dlhodrol onclo rolotln« tho loao-polr 
orbital on tho phos^orus otoa to the B.-corbons, Aoro a saall anclo 
Is assoclatsd with larfw coupllnp. Haro the unbound aloetron pair of 
tba phosphorus atoa daflnos snothar bond dlraetlon. This Is shown 
In Structura »7 whara tha dlhadral aapla Is shown In rad.
222
Straetor* 17
For oasM meh aa tkasa, tkU Y-««>trlbati«a «U1 ba graatar thaa tha 
aspaetad 6-af<aet and aa aall aa eoapllac eoaataata bala« aftaetad tba 
obaaieal ahltta ot C, aay aall ba abKtad to loaar traqvaaer. Tba 
amalpala ot tba ebaaleal ablft and eooplla« eoaataat data tor tba 
darlaatiaaa ot addo 1-aorbornFl darlaatlaaa (Saetlea 1.1) aad tor tba 
1-adauatFl danaatiaaa (laetloa 1.4) aaau to auggaat tbat thara la 
dibadral ooatrol orar *J(P,C). Tba toraloo aaglaa tor tboaa ooapouada 
aro abona la Straetura 18.
[■)
Structura 18
Tba l-aorborayl darlyatlraa
fhaa phospboruB la la tba aado poaltloa oa C^, atarle eroadlac nay 
eauaa tba protorrad orloatatloa to bo aa ahoaa la Struetura IS altb tha 
Idioaphorua aubatltuaata projoctad away troa tha aorborayl cage. la 
ttala orloatatloB tbo pboaphorua loaa pair would ba orloatatad cloaar 
to CjH (8.013 X) than C^H (2.874 X). Haaca aspactad ooupllac data 
ahould abow *J(P,Cj) > *J(P,Cj) aad tbla la ratlactad tor tba aado_ 
l-aorborayl data la Table 3.3-5.
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Tabla 3.3-6 Co^^lsoa ot J<P,C) tor Carboas C, : la
l-aorborayl P(III) DarlaatlTaa
Boaarar Tabla 3.3-5 alao ravaala tbat la tha « o  S-aorborayl casa, 
data doas aot aboa tbla atarle eoatrol. Hara abaa tba pbosphoras 
atoa la orlaatatad la tha aao posltloe oa tha phosphorus aoaas to ba 
lasa eroadad aad both valúas ara althla tha llalts of tha sarlas.
Tha 1-adaaaatyl darlvatlvaa
It a«« baaa succastad froa tba data (haetloa 3.4) that tha ehaalcal 
ablfts for $-C  ^1a tha adaaaatyl ría« (Struetura 36) ara fraatly 
latluaaead bjr v caucha orlaatatloa possibly rosultlac froa tha alactron 
pair oa tha phoapborua atoa. Hoaavar tha aatlaatad dlhadral aaglas In 
thasa darlvatlvaa la about 84*. Hosca tha eoatrol oa tha coupllac
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■agaltud* of J(P,C) bjr th* «iMtroa p«lr «eiild b* alalMl wttb this
■acia aad llttla iafluaao* traald ba aaaa.
S.4 raflbeta tbla to ba tba casa aa aeraal 
fouad.
Tabla 1.4-T[A], Saotioa 
aacaltodaa of *J(P,C) ara
3.S.» _JlPjll
3Witb raapaet to <I(P,I) eoopllac ooaataata, raproaaotatlra dlhodral 
aa«la rolatloaahlpa bayo baaa aboaa throoch C, H, 0 aad othor hataro- 
atoaa of P(V) e o a p o u a d a ^ . Koanlta ladloato tbat ^J(P,I) eoupllaca 
aay ba a fuaetloa of tba atata of bybrtdlaatloa of tba phoapborua atoa. 
(Tbla aajr oeour abaa tba pboapborua atoa eoaplad to tbo vteiaal bydrogoa 
la P(llt) or P<V).) Wblta aad Varkado^ aaaaurod aletaal 
coupliaca la phoaphataa, pboapbltaa, aad tblo-pboapbatoa aotlac tbat 
aaparata eorralatloaa wara aaoaaaary for P(III) aad P(V) ayataaa. Alao 
Baaaara^^ obaarvad a Karplva-llka ralatloaahlp bataaaa 
eoupllaga la a aarlaa of P(V) bleyelle- aad trloyollo-pboapbooatoa.
At proBoat, tbora lo eoatrovaray aa to tbo oataat tbat dlffor«waa la 
pboapborua eoordlaatloa aetaalljr play aa laportaat rolo lo dataralaatloe
31 1of tbo rlelaal £-C-C-¿ eoopllac ooaataata.
latarprotatloa of ^J(P,I) data lo taiaa of dapaadoaoa oa Dlbadral
Aagla
Aa pravloualy atatod (Saetlea 3.2, Tabla 3.3-1) dlbadral aogla 
aatloatloaa aara dotaralaod froa kaoaa oryatal atruetura data for tba 
varlouB P(XIl) eoapouada. Tba rarloua aaglaa obtalaod aad uaad «Itb 
^J(P,H) aro auaaarlaad la Tabla 3.3-d. Tba dlffaraat dlbadral aaglaa 
oora obtalaod lo tbo folloolog oay. Dlbadral aaglaa freo tba 3-
aorbomyl atruetura gaoo tbo aaaoclatad dlbadral aaglaa; 
3
tbo a»o dorlratlToa, aad
*J(P.33)0,0/0.0». ^J(P,Hj)/43.3». aad *J(P,H^)^^^^/131.5« for
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aad *J(P,*j)^^/lI7.3» (or
th« «mdo d«rltr«tlvas.
Tha T-norboniaarl atruetura cava tka aaaoelatad dlkadral aacla ^J(P,R)
“ 60*. Tha l-adaMstrl straetaiaa gava tha aaaoelatad dlkadral aagla 
^J(P,1^)/S9.4* aad tha 1-adaaaatpl atraetara gava ^J(P,lj)/B1.7*.
Thaaa xlSlBli ^^P~Hl coupllac ooaataata wara aaal^aad la tañía o< tha 
gaaaral Earplua ralatloa (aquatloa (S.l]). Agala a thraa paraaatar 
ooapatar flt prograa oaa parfoniad oa tha phoaphonia data aad a baat 
flt ealeulatloB aaa aatlaatad Iroa tha ataadard darlatloaa. Tha cal* 
enlatad paraaatara ara glaaa la Tabla 3.3-7 for tha aarloua P(III)
3darlratlraa. goaa of tha plata ot Jp ^ for tha rarlona P(III) groupa
aa a fnaetloa ef tha dlhadral aagla ara ahoan la Plg. 3.3-3[A] to [F]
raapaetlvalp. Thaaa ahoa tha haat ef tha plata. Hora all data
aro plottod aa poaltlao. Tha othor darlaatlaaa aot plottod althor
fallad to ahoa aay ^ . aalua or thalr g . aalua aera ao far raaoaod ■S.B BUi
froa tha oxpaetad M *  aalua that thay dld aot aaaa to eoafora to aay 
haoaa dlhadral rolatloaahlp. It eaa ha aaaa that nallho tha earfaoa
3data, tha J(P,H) dlhadral aagla rolatloaahlp dooa aot aaaa to play a 
doalaaat oeatrlhutloa. Thla aay ha tha raault froa peor aatlaatloaa 
of tha dlhadral aagloa. Tha hydrogaaa, nallho tha earboaa, ara aot 
hald la a rlgld fraaaaorh aad aay ha abla to taha up uaaspoetad oaglaA 
nlth raapaet to tha phoaphorua atoa. Aloe hydrogaaa ara ñora 
anoeoptlblo to otbar atarle eoatrlbutloaa.
la tha eaoa of tha P(III) darlvatlroa tha poaltloa of tha aloetroa 
palr aay eoatrlbnto ñora laportoatly thaa tha poaltloa of tha phoaphorua 
atoa. Thla vould daeraaao or laeraaaa tha angla (dopondlng upoa tha 
aaount of lataractloa wlth raapaet to tha phoaphorua atoa). Aloo froa
Tabla 3.3-6 It can ha aaan that for tha dlffaraat dorlvatlvaa larga 
3dlfforaaeaa aay oceur la J(P,H) oran thougb tha calculatad dlhadral
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tk* — do dorlootlToo.
Tho 7— rbormoopX ot— eturo go—  tho — elotod dlkodrol oa«lo 
. «0*. tko l-ad«uat7l otnietii— • fo—  tko ooMMlotod dlhodrol — «!• 
* J (P ,l j )/ W .4 *  — d tho a-od— t7l ot— oturo »m—  * J (P ,I , )/ » 1 .T * .
TkoM ” P-S< eouplloc oo— t— to — ro aulyood 1« tonto of tho
gooonl lorpluo rolotl—  <oq— tloo (3.11). *««1* • »•‘'f** P«*»"**«*'
oo-utor fit procr- - o  porfo-od -  tho phoophon» doto ood o boot 
fit eol— lotl—  — o ootl— tod fr—  tho ot— dord dorUtl— o. Tho eol-
eiaotod poro-toro oro glr- 1» Toblo S.S-7 for tho oorl-o P(IH) 
dorlrotwo. 80-  of tho ploto of for tho rorlouo P(IH) groupo
—  o f— etl—  of tho dlhodrol oaglo oro oho—  lo Plg. 3.S-3(A1 to (Fl
roopoctl-1,. Thooooh-thohootof tho»J„Pl«t-. >«ro . 1 1  doto 
oro plottod U  pooltlTO. Tho othor dorlootlroo — t plottod olthor 
follod to oh -  - T  roi- or tholr - 1 -  -ro n> for ro— d 
fr—  tho oxp— tod 90* - 1-  thot thoy dld — t oo—  to coofor. to — y 
luM—  dlhodrol rolotloortilp. «  c—  ho —  thot uollko tho oorbon 
doto, tho *J<P,H) dlhodrol oaglo rol.tloortilp d-o - t  oo- to pl.y o 
d-li-it oontrlhutl». Thl. - y  ho tho ro.ult fr- poor -tl-tloa. 
of tho dlhodrol -gloo. Tho hydrogo-, «nllho tho corh-o. or. «ot 
hold 1« O rlgld fr«n-rk « d  - y  ho ohl. to toko up — poctnl ««loi 
«Ith roopoet to tho pboophoruo ot— . Al—  hydrogo—  «ro — ro 
— optlhlo to othor «torlc — otrlhutl— «.
la tho eo—  ot tho P(III) dorlrotl— « tho pooltlon of tho oloctr—  
polr - y  -atrlhato —  laport-tly th- tho po.ltl- of tho phoophoru. 
ot-. Thl. o-ld d-ro-o or 1-roo- th. ooglo (dop-dlog «poa th. 
-ouat of latoroctlon olth roopoet to th. phoophoru. ot-). Al- fr- 
Tohl. 3.3-6 It coa h. «o- t-t for t -  dlff.r.nt dorlTOtl-o l.rg. 
dlffor— CO. — y occur la *J(P.H) oroa though th. colcul.tod dlhodrol
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magi«* slallar. Thla auggasta tka affact of tha Mbatltoaata 
oa tka phoapkorua atoa play aa laportaat part la dataialalag tha aagal- 
tiida of tho ooopllag for tha dlhadral aagla (aaa dlaouaaloa la Chaptar 
1). loaaaar all ef tha data ara tabalatad la Tabla 3.3-d. Tha oaly 
eoarlaelag Earploa earraa ara thoaa for tho PClj aad PClIr darlratlvoa. 
If thora la dlhadral aagla eoatrol thaa It appaara aa though tho 
la at about tha aovaotad 90*. Frou thla data It la hard to tall 
ohothar tho ralua for largo ^J(P,I) faroura a e U  orlaatatloa (0*) or 
a traaa (190*) orlaatatloa. For eoaparlooa uaually ahoaa that
tha aagaltuda of traaa > eia. Thla aaaaa to fit la
vlth aost of tha eurraa ahoaa la Flg. 3.3-3, hoatror, tho FCl^ 
dorlratlToa show tha oppoalto offoot.
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Flf. 3. 3-J [a ) to [F| K arplu» Pioti for v a r io u s  P(IU) group» 
as a function o f the d ih ed ra l an gle  0  (deg) ••
F ig . 3. 3-3 cont'd.
80 (y«^)
M  (3e^
80 |c)o ^
*,9.1 ValsM oc loot ItofotioM for 
tko Sorylw Hootloo - A 
■volootloo of
tko ■roMtoro (iB) la
*■ Oeoo*t for
rail) A ■ C ♦.u
dorlrativo la ■td.dor* la Otd.dor* ■a Otd.dar* (da«>
d.4 1.40 1.7 3.00 1.00 3.10 ff
nrci 4.« 1.40 0.3 3.20 1.0 1.77 00*
N O , f.d 0.34 1.0 0.40 3.0 0.00 03*
P<0«o), 1.0 0.01 3.0 1.13 3.7 0.00 b
O.T 4.00 3.1 0.00 7.0 0.00 b
c S.l 1.30 0.7 3.41 1.1 3.13 03*
I.O 0.70 0.4 1.10 0.0 1.17 03*
<0 l.S 0.40 0.7 0.70 -0.0 0.70 b
Nfk, O.ld 3.IT 0.0 3.31 0.1 3.00 03*
oror. 4.M l.M t.»
o StOBdord dorlotiOB roluo la (a 10 ) 
b No olalano fooad
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Buelau« ar* ftrat oxtfar, altho««h stlll baavlly orarlaypad. aad thua a 
SO ahlft eerralatlea la ooaalUa.
S .4 .1
IK {^1} SS.5 H U  apaetraa «as obtatasd <ri«. 3.4-1) aad tha 
d ehaaleal shlfta «ara aaasarad aad aatabad vlth tfea3<C,F)
orlglaal aaslgnaaats by Iraat** aad Kltebtag^ aad abeva la Tabla 3.4-1. 
Tfea asslfaaaats bad basa basad «a dsutarlaa labslllag aad sslsctiaa 
dacoupltag axpsriaaats^ aad tba salaatlTS dseeupllag aaparlasata «ara 
ebaebsd by MeTarlaas at al” . Tba ssalfaaaatB oould siso bs ralatad 
by tba alas ot tba assoclatsd “j<C,F) eonpllacs aspaelally tboas ot tba 
Cj, aad Cjjj (asa Stnietara 33). As tbsra «ara as aarloos dlserap- 
aaclas, tba asaigaasata «ara saaiaBad to ba eorraet. Boaarsr, tba
34
ebaaleal ablfta oí aad aay asad to bo tatarebaagad .
Struetura 39
A ^*F{^H) 34.23
rasoaaaes at -110.3 ppa ablob «as typioal for aa aroaatie finarla«. A 
eouplad ^*F spaetrua ravaalad a eoaplax ovarlappad eonpllag aystaa. 
Ixtraetlaa oí «sparlaaatal "j(F,g) ooupllaga Iroa tbls 10 spaetrna ga«a 
oaly orada «stlaatas oí tbalr aagaltudaa. A lull 39.33 Hte ^3 apaotroa 
«as raoordad to «asara saapla porlty aad tbaa «spaadad (8.0 ppa) aroaatie 
raglos «as roa (Flg. 3.4-4(A)). Prarloua attaapts at sortlagoat bydrogaa 
ebaaleal ablfta and J(H,F) eoupllags freo tbls ooaplax aystaa «raa at 
400 MBa a eeablaatloa of 10 salaetlva aad R beaoauelaar da- 
eoupllag «aparlaaata provad oasaocasaful^*. Haae« It «as daeldad to 
parfora a 30 ^*c / r ablft oorralatloa «xparlaaat (saa Captar 1.
233
Tabla 3.4-1 19.C m  Chaaieal Shift Data for l-riaoroaapbtbaloao
Carboa Choalcal Shift
Sapor laoatal 
i/lppa* Bo
Lltoraturo ^ 
i/ppa* Ba
®1 156.6 (356.7) 156.5 (353.6)
«3 109.S (31.3) 109.6 (19.6)
«3 135.S (7.S) 135.0 (6.0)
«4 134.4 (5.3) 134.3 (4.6)
S 136.1 (3.9) 136.1 (3.0)
«6 1SS.7 (0.6) 137.3 (1.0)
«7 136.6 (1.9) 136.6 (3.0)
Cg 130.9 (5.3) 130.0 (5.0)
«S 134.6 (16.S) 134.3 (17.3)
«10 135.7 (6.3) 135.7 (5.9)
a Poaltiro stgaa ara to high froqvoaey of TUS 
0 ppa la Aeotoao-*D aa aolraat
b Takoa froa roforoeeo (34)
( )
Soetloa 1.5.3.3) la bogos of sortlag out tbo aaaot H ebaaloal ablfts
13aad aaalga thoa to tbo ayproprlato aaalgaod aa4 aaaoolatod C roaoa- 
aaeos. A 356 ^3 (F )^ by 1034 (F^) data aatrlx for a 140 Ha (^B)
by 500 Ba (^^C) froqnaaey aurfaeo «aa uaod aad doooupllac vaa aehlorod 
la both dlaaaaloaa. A oaaploto 30 Stack Plot la ahooa la Fig. 3.4-3.
00* eroaa-aoetloaa through tho poak aaalaa «ora takoa parallol to tho 
F^ axla aad euttlag tho F^ (^’c> axla at a choalcal ahlft froquoaey for 
each of tho particular roaoaaacoa (Fig. 3.4-3). Tho oaact 
chaalcal ahlfta could bo caloulatod (aa ahowa la Chaptar 3 S ^ l o a  3.1.2)
. . . COtn oa pas* i39
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Fig. 1.4  *4 (a| An exp erim ental and [k| a calculated  'h  ID NMR 
spectrum  o l I -nuoronaphthalene
ggKMHWTM.
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fr«« tk« two olleos urlala« fro* tho “
partleolar C-l pair. Tka eoapllaga aro aproad out horlaootally
13 13alo^ tha axla aad aap ba oaloulatad froa olthar of tho CP^ or CF^ 
alloua. Tho «(I.F) oonpllaga aro «Iroa bp tbo dlfforoaeo botoooa tho 
abaorptloaa la thosa alloua.
Tha osporlMotal ^  data obtalaad froa tho IO apaetra oara put aa
raw data lato a sala fraao ooaputar Oaae-I apla alanlatlea apla
pro«raa^. A loaat aquaroa fit waa appllod to tha data, aad tho data
wao porlodloallp Itoratad to «Iwo a baat fit alanlatod apootrwa with that
of tho aaporlaaatal 10 oaa (F1«. 3.4-4 ). Tho aoeurato waluaa of tha
obaaleal ohlfta aad atroa« J(I,F) aad J(l,l) oouplla«a auro obtalaad
aad proaaatod la Tabla 3.4-3. Saall laeoaalatoaeloa la tho loa« raa«o
eouplli^ utili axlat, bowovwr, tkoao will ooatrlbuta llttlo
ehaaloally to tho apatoa aa a obolo. Aa thla la auoh a tl«htlp oouplod
apataa, ataadard aathoda of Ooublo Ioaouaaeo oaaaot bo appllod to oort
out tho abaoluto al«a of tho oouplla« eoaataata alaoo It la lapoaalblo
to laoloto aagr oaa oouplla« la tho apataa. loworor, If wo oaa aaho
37oatlaatoa froa banaana aroaatle rla«a wboro all J(«,l) aro poaltlro 
thoa parhapa tho abaoluto al«aa ara rolatlrolp ualaportaat to tha 1- 
fluorooaphthalaaa oouplla« apataa.
3.4.1 l-Flooreaaj^U^ooo
Tbo aaao proooduro aa for l-Fluoroaaphthaloao haa booa oarrlod out 
for 3-fluoroaaphthaloao. Rowowor, for 3-fluorooaphthaloaa, tho ohaaloal 
ahlft rai^ la tho protoa opoctma la auch aaallor ( M  la ^  130 la, aoa 
n«. 3.4-8CA]) aad thla extra ororlap «Iroa aaallor eouplla«a aakla« tho 
problaa aoro difficult. A full 33.S M a  apaetrua (4000 la)
aad aa axpaadod aroaatle apaetrua waa run to ehaok purltp aad obrloua
13,C aaalf ata. Tha carbon aaalgaaoata aeeordla« tu Eltehla«
34
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Tabi* S.4-S [A] ■ m n  ChMlMl thltta aad J(R,F) Couplla«
Data Cor l-nwereeapàthalene
CD] J(l,l>/la Caapliag* *or 1-naoxeaaphthalaaa
■ydrogaa
Riabar 3 3 4 3 6 7 0
3 - 7.0 1.1 <0) 0.3 0.3 (0)
3 7.0 - 0.1 (0) 0.3 0.3 (0)
4 1.1 0.1 - 0.8 <0) <0) 0.0
5 <0) (0) o.s - 0.3 1.3 0.0
6 0.3 0.3 <0) 0.3 - 0.7 1.4
7 0.3 0.3 <0) 1.3 0.7 - 0.4
• (0) (0) 0.0 0.0 1.4 0.4 -
( ) latlaatad
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(llatad la Tabla 3.4-3) wara aaauaad to ba eorraet aad aara oaad aa 
baala for tbabjrdrocaa aaalgnaaata. Tha anabarlag la aceordlag to 
Struetura 30.
Struotora 30
Tabla 3.4-3 13.C M U  Chaaloal Ihlft Data Cor l-Tlaoroaapbtbal aaa
CarboB Cbaaleal Bhlft
Ruabar Baparlaoatal d/ppa* Ba
Lltaratora * 
3/ppa la
C 111.99 (90.3) 110.9 (21.0)
C 191.79 (244.7J 191.0 (2M.9)
C- 117.10 (29.4) 119.2 (23.9)
C 131.3 (10.2) 120.3 (10.1)
C 119.9 (0.2) 129.1 (M))
C- 123.3 (2.9) 128.2 (2.9)
C 196.9 (1.3) 127.0 (1.2)
C 127.7 (3.1) 127.8 (3.1)
C- 133.42 (9.9) 134.7 (9.9)
‘'io 131.1 (0.3) 130.9 (V))
a Poaitlaa algoa ara to blgh froqaoaer ot TM8 
0 ppa la Aeatoaa-^D aa aolvaat
b Takaa froa rafaraaea (34)
( ) "J(C,F)
19 1A P( B} apaetrua ahoaad a alagla raaoaaaea at -109.03 ppa
[Llt.^ -109.93 ppa] wblcb la tjrpleal for aa aroaatle fluorlaa. 
19oouploB F oxpaadad apaetrua ahoaad a apla ayatoa la wbleh Ita
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Fig. 3.4-5 [A| A n  exp«n«ion of the aromatic signaia of the
apectrum
[Cl
19,
f « }
zdSTO" 0 Ha
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eoaplmcitjr It tiipoeelbl# to plek out dlroetly aay aeeurat# J(H,P)
ooupllM* <Fi<> 3.4-S(B] «ad [C]). A 10 ppa apoetnai o u  nia to 
ebook purity aad tkoa aa aapaadad ( I ppa) aroaatle rocioa waa run and 
plotted la rig. 3.4-f[A]. A ao ^’c/l Alft oorralatod so«uoaeo vaa
appllod to bio dotoialaatloa of aaaet I ehaaleal ahlfta (aoo Chapter
1, doetlea l.B.S.S). la thla soquaaeo doeeupllag la appllod la both
dlaaaaleas uhoro tho r^ dlaaaaloa ooatalas tha spoetrua aad tho
P, dlaaaalea «111 ooatala aueloar dooeuplod ■ apoetrua. Tho full
Staek riot la ahowa la Pig. 3.4-g. Por aoro aoeurato astlaatloaa of
tho ■ ehaaleal ahlfta aad aaali ata. ladlrldual ereaa aoetlooa aay
13-__ ..bo takaa parallal te tko P^ asla aad tkreu^ tko partleular 
aaxlaa (akooa U  Plg. 3.4-T). Prea thaaa. exaet ebaalcat ahlfta aay 
bo ealeulatod, aad J(I,P) eoupllaga aay bo dataralaad aa «aplalaod la 
Chaptar t, Soetlea t.1.1 aad are tabulated la Tablo 3.4-4[A]. A 20 
hetoreanelear ahlft eerralatloa aequeaea «aa aaod to try to 
r««ol«a tha eoupllaga. U  thla aaquoaea (Chaptor 1, SoetloB
1.8.2.2) tha (P )^ dlaoaalea «aa aot heaeauelear daeouplad ao that 
dlroot eoupllaga eaa bo aoaa. Agala for aceurato datoralaatloae of 
y(B,B) eoupllag ooaataBta, data alleaa aay bo takoa aad thalr eoupllaga 
ealeulatod to alaulato tha «aporlaaatal MMR apoetrw. Tho roaultlag 
Itoratloaa yloldad tha eoupllag la Tablo 3.4-4[B].
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F ig. 3 .4 -7  90** C ro a t ••ctlo n *  taken from  the 2D Stack P lot 
through the carbon  maximum
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CHAPTSK 4 
■XPRIimiTAL
4.1 1— tr«— atatloD
TIM Oaa-DlMnalooal (ID) m «  »¡Mctr« for P, awl C
«•ro rocordod oa a Jaol FX909 SpaetroMtar oaiag lataraal D lock uadar 
tha eoadltloaa ahoaa la Tabla
TABLI 4.1-1 Muelaar Paraaatara for Plaid Straagtb of 3.1 Tarla
Huelaoa Fraqaaaey Staadard (Rafaraaoa) OO'Pulaa Laagth
Obaarratloa 
Praquaaey (Ra)
n s  la Aeatoaa 37 IIS 09604330
CFClj la CDClj 35 pa 04393091
« P 06« a«. H,PO^ 33 |ia 36303716
« C TUO la Aeatoao 10 pa 33636130
Tba chaaleal ahlft aquattoa (6) la gtraa by:
6(a) _ V - v(rafaraaca) . io‘ V rafaraUca
aueh that tba ” p. •«« ” c cha-lcal ahlfta («) ara aapraaaad
ia ppa; poaltlra balag to blgh fraquaaey froa tbalr corraapoadlag
rafaraaca. (8aa Tabla 4.1-1)
Madlw aad high flald ID MOI apaetra aara obtalaod oo:
(1) Hleolat 1130 300 at Royal Rolloaay/Rodford Raw Collaga, 
Ualraralty of Loadoa; ^R at 300 MHa; C at 60.3 MRa.
(11) Rnickor W-380 at Rlag'a Collago, Oalraralty of Loadoa;
^R at 350.13 RRa; at 03.9 MRa.
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(111) Bruokar W-400 at Qiwm lUry Collas«, Ihilaaralty ol U>Bdoa; 
at 400.14 HHa; at 100.0 MHa.
ID MUS spaetra wara racordad oa tha Jéol FXOOQ ims 
SpaetroMtar at City «f txiadoa Polytachóle, alth quadratura dataetloa, 
a Jael JK-BMB coaputar aad a dual lard Dlae Syataa. Tha pula« 
aaquaaeaa «ara eoaatructad ualac tha aaaufaeturar'a softoara aad all 
tlalag ■■»i« phaaa chaagaa «ara nadar «oftoara control. Tha pretoa 00* 
pula« laasth nalag tha dacoupllas colla waa dataralaad to ba 44 iia.
A Oaaaral Badlo fraquaney ayathoalaar waa uaad to fnmrttm a aaeoad 
radio fraquaney flald for tha hataro-nuclaar-aultlpla ra«onanea 
«aparlaaata, aad «aa traaaalttad to tha aaapla o U  a aatehad 
apllflar ohlch «aa eonaaetad to tha doubly-tunad dacouplar coll 
olthlB tha apactroaatar proba. A 10 MBa output Iroa tha apactro-
aatar coatrollad tha ayatbaalaar dock «o that thara «ara ao ralatloa 
fraquaaey drlfta. All aai^laa «ara «xaalaad aa aolutloaa la a 
dautaratad aoloant «hleh alao • alfaal raqulrad for lataraal lock
pnrpoaaa. Splnalag S aa or 10 na o.d. praelaloa tuba« «ara uaad,
,,1,1 aaaauraaaata «ara uadartakan at aablant taaparatura (t3«C) ualaaa 
othanrlaa atatad. Thara nacaaaary aolutloaa «ara dagaaaad aad ««alad 
olth aa onysaa/aatural-faa flaaa la tha n a  tuba. Tha proeadura «aa 
earrlad out by ualng a aarlaa of fraaaa-puap-thaw cyclaa. Flg. 4.1-1 
ahooa tha apparatua uaad for tha dagaaalng proeaaa. Othor aaaplaa 
«hleb raqulrad oaly onygan-fraa ataoapharaa «ara praparad by bubbllag 
altrogan lato tha aaapla and tha topa «ara paraffln-oan aaalad. n a  
aiaulatlcM «ara earrlad out oa a D K  (VAX/VMS) 7S0 eoaputar at City of 
Polytaehalc ualng a DBAC-S apln n a  alaulatloa paekaga prograa^. 
Tha pregraa la baaad on a LAOCOON paekaga^ la tbnt It uaaa a laaat 
aquaraa flttlng routlna to ganarata a plot. Infrarad apactra «ara 
racordad on a Parkln-Blaar 107 Spactropbotonatar at Boyal Bollooay/
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■•dtord N«v Collag«. Valvoroltj of Loodoo oad oa a Porkla-llaar 3 M  
Spaetropketoaator at City of Loadoa Polytoehale, «slag aujol anlls 
or O r  41s«s. Mass Spoetra «aro raeordod at Royal lollosray/lotfford 
Ha« Colloga, UOiaarslty of LooMoo oa a VO Hleroaass U M  «alt aad at 
City of toaisa Pelytaekale oa tkalr Jaol JMi-DISOO «alt. llaaaatal 
aaalysos «ara parforaaé althar at Moyal Holloaay /Badforg Ma« Collaga 
or at Tka City «f Loadoa Molytoehale.
Far tka aost part, staaMard asparlaaatal taehalqoas «ara «s«4 la 
tka praparatloas; kevarar. oaiag to tka «Iseoas, «azy, olly aatora «f 
tka aoiboraaaa aad adaaaataaa darlratlaas, saaaral plaoas of spaelally 
kallt dlstlllatloa apparata« (ngs.d-l-B «ad 4.1-3) «ara «sad la tkalr 
praparatloas. A gcklaafc roflas systaa «as «sad toraaot aoaa
of tka taaparatara-aaasltlra pkospkoras darlvatlvas (daslgaatad la tka 
partlealar praparatloa). Molila palata («aoorraetad) «ara takaa 
alt« «ad tka prossara «as aaas«r«d oa tka aae«aa llaa ky a Metaod 
Qaaga. Maltlag palata (eorraetad) «ara takaa la a Mal-Taap apparata«. 
Most startlag aatarlals «ara ekaekad ky HMR prlor to «sa, aad «ara 
drlad «haa appropriata. All «rgaale solvaata «ara drlad ky tka 
appropriata aatkod aad «ara dlstlllad. All raaetloas aad aaalpa- 
latloas of pkospkoras eoapoaads «ara eoadaetad «adar aa ataospkara of 
dry altrogaa.
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F ig . 4 . 1 - 2  and F ig . 4 . 1 - 3  Special M icrodistillation  Apparatus
m ic ro -  1
F ig . 4. 1-1 NMR Tube D egaaaing Syatem 
to N ,
Zil
H.2 Pr«p«rattoB»
t .  3 .1  Jla£~£teS£honis_DaM ««M TM  
tX| 3-phaByl thlo-1-chloro >c— aphtha«»
fícO H
PhaaylsulplMByl ehlorlda (0.53 w>la) waa raactad with aoaaaphthylaBa
(0.53 sola) la flaelal acatle acid at aablaat taaparatura by tha aathod 
3of lharaacb . Tba product waa collactad aad waa waahad with water. 
DrylBg iB wacuo tawa a 00% yield. The pure coapouad waa ohtalaad by 
recryatalllaatloB frea patrolaua ether. M.p. 05-07*C (llt.^ a.p. 00*C]. 
mai (5/ppa) 5.44 (a.^0). 5.53 (a.^R), 7.3-0.0 (a.^^R).
(3] Cla-1.3-bla(pbeBrltblo)aceBaphtbeBe
C^sCA/
Sodlua phaayltblolate (0 .0 11 aola) (preparad by reactlag aodlua wlth 
aaceaa tblepbeaol Ib refluxlag toluaaa] waa addad aa a flae powdar to 
[1] (0.01 aala) la 75 ca^ of acetoaltrlla at aablaat taaperature. Tba
3raactloa alatura waa tbaa peurad lato 100 ca chlorofora, waahad wlth 
3 3100 ca of water, aad tbaa wlth 300 ca of 0.1 R aodlua carboaata.
Tha orgaalc layar waa drlad (Ha^RO^) aad tba aolwaat waa raaowad la 
wacao to flwa aa oraaga aolld. Tbla waa trlturatad wlth patrolaua
3etbar (70 ca ) to giro tba llgbt yallow aolld produci. Racryatalllaatlou 
frea cblorofora/patrolaua etbar gara a pura aaapla la 70% ylald. R.p. 
144-145*C. Rf ■ 0.03 10% ather/patrolaua etbar, alllca gal.
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M/a for m* m 370. ■ M m  i6/pfm) S.4S (•.«), 7.3-7.» (■.IM).
Found C > 77.77«, R-S.04«, roqulroo C-77.T»«, R ■ 4.90«.
[31 I«o 3-chloro norbomnno
H O
M
Tho proeaduro usad was that of Cristal at al.^ for S-ehloro 3-dautoro
3norhomaBO. HOrhorylaao (45.• gm, 0.4» aola) la 500 ca of CR^Cl^ was 
sttrrad at -7»«C (athyl aeatata-R^(1 Iq.) slush). rci (fss) (3.0 aola)
S
(caaaratad froa coac. >2 ^ 4 *1*^ »»*^  oato NaCl/HCl pasta and drlad by 
passaca through coae. R^SO^] was thoa pas sad lato tha aolutloa for a 
poriod of 6 houra. Tha aolutloa was stlrrod aad allowad to raaet for 
a furthar 13 hours at -73*C. Tho raaetloo alxtura was than waraod 
to 35*C aad stlrrad for 34 hours. Tho solvoat was avsporatad. 
Dlstlllatloa (40 ea Vlgraaus eoluaa) Raws a eolourlass liquid (57.31 r b , 
00« ylald). B.pk 40-41 «C (33 aa)^  (llt.*’^  b.p. 40*C (33 aa|. M/o-150.
[41 3,7 Borborayl-dlol
H C o o f i
Tho proeadura usad was that of Valborsky at al.* Hortooryloaa (33.5 gm, 
0.35 aola) waa raaetod with 35 ea^ of 30« bydroRoa poroalda aad 150 ea^ 
of 55« foralc acid at 40*C. Tho alxtura was than axtraetad with 
anhydrous othyl acatato and drlod (Ma^SO^). Raaoral of tbo othyl 
aeatata loft a roslduo which was subllaod at 150*C (Baa) to Rlwa a
25S
whit* Mild (20 70% yield). H.p. 174-176*C (lit. a.p. 170*C]
[51 «M 7-Ow b  aoreoLrUdW
O  ^
Excess o( e Mlutloa ot potaaalua t-butoxlde (prepared by addlap Spraae 
ot potaaalua to 100 ea^ ot refluxlag t-butyl alcohol] waa added (by a
aaatbod adaptad troa tbat uaed for 1 , 1  dlbroao cyelopropaae] to 1,3 
cyclohesadleae (25 ea^, 0.29 aole) la 400 ea^ ot t-bntyl alcohol at 
10*C. The alsture waa atlrred tor 6 boura aad thea waraed to 25*C.
The atbar layar waa extractad wlth pantaaa aad drled. Dlatlllatloa 
(10 ca Vlgreaux coloaa) gara a alear llquld (2.9 ga, 12% yleld).
B.p. 93«C (4 aa). round C - 49.4%, R-5.39%, C^H^lr requlrea C>45.6%, 
H - 5.24%.
(01 7,7-dlaethoxy BorborB-2-eae
Cl- Ci T H F
The preparation ot 7,7 dlaetboxy aorborn-2-ane la giren by Oaaaaan et 
al.^ ** and waa repeated on the aaaa acala (0.93 ñola). All naltlng 
polata aad ylelda ot lateraedlatea were la agreeaent with the liter­
ature waluea. The product waa a clear liquid obtained la 41% yield.
B.p. 60-66*C (17 aa), a’* - 1.4590 
35n^  ^- 1.459B).
[llt.^° b.p. 5S-6B«C (17 an).
2 5 6
[7] Borbor»-2->««-T-0B«
OH«
H .O
Th« praparatloB la glvaa by Oaasua a*>^  »»• rapaatad oo balf
tbalr aeala (O.IS aola). I.p. 9S-M*C (110 ■■), • 1.47S4
[Llt.^^ b.p. 06-100«C (116 aa), a** - 1.4706] m n  aaalyala
varillad tha purlty of tba eoapouad. Tba aatarlal «aa atorad la aolld-
OOj uatll uaad, ovlag to Ita laatablllty.
m  a,7 dlbroao aorboraaaa
3.^
.Br
“ 5 *c
Broalaa (0.02 sola) la OCl^ (100 ea^) aaa addad [by aathod of Kvart 
^.^^] to aorboryloaa (1.04 aola) lo OCl^ (200 ca’> at -5*C (aalllaa^ 
aolld CO^ aluab). Tba raactloa alstura aaa atlrrad for a (urtbar 
2 boura at -S*C, aad. ttaaa at 12 boura at 2S*C. Dlatlllatloa (20 ea 
Vlgraaua coluao) gara tba produet (60 pt, 601 ylald). B.p. 130-132*C 
(10 aa) (Llt.^* b.p. 126-126«C (10 aa)].
[0] aya 7-brcao oorbora-2-aaa
.Br OjBuf, ^
t’SutOH
12Tilla aaa praparad by tha aatbod of Kaart at al. oa a aeala tialag 
0.023 aola of [B]. Tba elaar produet aaa obtalaod la 401 ylald.
B.p. 6«-B0*C (10 aa), a^ 
o** - 1.62B01.
26 1.6248 ILlt.^* b.p. 66-70«C (13 aa),
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[101 7-bro«o norborn«—
.Br Br
[9] (O.OT aol«) Ib «thjl BMtatB (ISO ea’) wma hyOrogBaatad (by th* 
■Bthed of QiiIb «t b1.^*1 uslag a PtO^ eatalrat at SOp.a.l. ovar a 34 bour 
parlod. Tba eataljrst oas ftltarad oft aad tho solvaat oas r«Mv9<)- 
Tho rasultlat oil oas dlsttllsO to gira tba elaar olí la 74% ylold.
B.p. 60«C (10 bb), a^‘ « 1.81S9 [Llt.^* b.p. 70-73.8«C (18-16 bb),
b^® - 1.8169].
3.3.3 S~9prb«ray 1^ - PteS£bonis_Dor^Tat^vM 
(11] Blatura of aao aad aadq 3-aorborayl dlbroBo phosphlaas
•/I56, •P6 r^
^18Tba praparatloa aatbod oas adaptad (roB tbat of aao aad aado 3-aorborayl
3dlebloro pbospblaa. bro 8-braaoaorboraaaa (38 gB, 0.4 Bola) la 100 ea
of athar oaa addad to aagaasluB (9.8 0.4 Bola) (aetlvatad by baatlag
oltb lodlaa] la 60 ea® of atbor. Tbls Orlgnard solutloa oas tbaa addad
3 3to a solutloa of pboapborus trlbroBlda (33.3 ca , 0.4 aolo) la 180 ea
of atbar at -40*C (propaa-3ó^solld CO^ alusb). Tba mistura oas 
stlrrad for 1 bour at -40*C, aad tbaa at 3S*C aad flltarad to rsaova
tba MgBr, Dlstlllatloa (10 ea Vlgraaux coluaa) gara tba elaar llquld
(6.1 gB. 70% ylald) for tba too Isoaars la a sato;aado ratlo of f :1 
[®S raW]. B.p. 1S0*C (33 BB). Oraat saasltlrlty to alr aad llght
praraatad dlasaatal oaalysla of tbls BStorlal.
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{II| Blatur» ot tao mmá — do 1-aorbomyl brcao chloro pho»phlB«»
A *í1jC« ^ ’PB^CI
TIm  pr*p«ratl** Mtho4 «»•d w m  daaerlbad la [11] atartiac laataad
vltk [S] (M.T O.lt Mía). Tk* predoet wmm a alaar liquld (13 ga,
30% flald) et two Isaaars la a aaoiaado ratlo ef 5 ¡I 1001].
ISB.p. 1S0-1M«C (10 a». B/a - 130.M  [Llt. 
a/a 3M.M71].
b.p. 14S-147*C (14 aa),
[13] Blxtara of aao aad aado 3-aorborayl dlebloro phosphlaaa
'MjU 'PCIt
isTha praparatlaa aathod la flaaa by Qula at_al. aad la daacrlbad la 
tha ayatbaala of [11] atartlag laataad «Ith [3] (10.T ga, 0.4 aela) to 
(ora tha Oclgaard, aad thaa raaetlag wlth phoapbonia trlehlorlda (33.4 
ca^, 0.4 aola). Dlstlllatloa gaaa a alaar llquld (34.3 ga, 00% ylald) 
of two lacaara la a aaosaado ratlo of 4:1 [^^P MK3]. B.p. 06-101*C 
(30 aa) [Llt.^* b.p. 11B-130*C (3»Ba) ] .
Cl^ alatura of aao aad aado 3-Borborayl dlpbaayl pboapblaaa
PPK^
[3] (IB.O ga, 0.13 aola) waa raaetad wlth aagaaalua (3.B ga, 0.13 aola) 
to foro tha Orlgaard. Thla waa addad orar 1 hour to a aolutloa of 
eblorodlphoaylphoaphlao (30.S ea^, 0.13 aola) la 130 ca^ of athor at 
-60*C (ehlorofoi^^olld CO^ slaab). Tha alatura waa stlrrad for 3 hours
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•t - 40*C Mud tlMB for 4 hour* at as*C. aad f 11 tarad to raaaaa tha 
DlatlllatlOB tbaa gava a 50% jlald of a alatura of tha tao laoaara la 
a aao;aado ratlo of 1:1 MU]. B.p. 5t-41*C (14 as). Poimd C -
•l.d%; ■ “  d.M%, ragulraa C • B l.40%; B “ T.BBB
[IB] ala* " ~  ««« aad aado 1-aorborarl blaCdlathylaalao) pheaphlaaa
4 E U N H
'fC»4 *PÍA/Et4
Tha laoMrle alatura [13] (B.B ga, 0.03 aola) la 30 ea* of othar waa 
addad orar 1 heor to dlathylaalaa (B.3 ga, 0.13 aolo) U  300 ea* of 
othar at -d0*C. Tha alatura waa atlrrod for 3 houra at -d0*C aad for
4 houra at 3B*C. It waa thaa flltorad to raaoao tha Brdroohlorlda aalt. 
Dlatlllatloa (30 ca Vlgraaua eoluaa) gara a elaar olí (3.7 ga, 4B% ylald) 
of tao laoaara la aa aaoraado ratlo of T0%:30t t*^P MBB]. B.p. 13B- 
143*C (33 aa). Fouad C • 63.lU, R ” 10.4«, C^x'31*3^ raqulraa C • 
63.34«, H - 6.67«.
[16] alatura of aao aad aado 3-aorhorayl dlaathyl phoaphlaaa
ZM<
'PCI^
Mathpl aagaoBlua lodlda (0.64 aola) (fraahljr praparod hy roactlag 6 ea* 
of aathyl lodlda wlth 3.3 ga of aageaalua] la athor (36 ea*) waa addod 
(ayrlaga) orar 1 hour to a aolutloa of [13] (6.1 ga, 0.06 aola) la 60 ea* 
of athor at 0*C. Tha alatura waa atlrrad for 3 houra at 0*C, aad thaa 
3 houra at 3B*C, aftar whleh It waa quaaehad wlth a aaturatad HH^Cl 
aolutloa aad axtraetod wlth othar. Tha orgaalo axtraeta waro drlad,
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(■olaeular SA) u d  tkaa «vaporatad to glva tba cruda produet
(3 4 M  plaldX KKK aaalpsls ravaalad tao algaals -47.0 (aado) 
aad -43.« (mto) ppa -47.4 <aado) and -43.3 (aso) ppa] la a aso:
aodo ratlo of X:| . Tba graat aauttlTlty to alr of thla eoapouad 
proToatad Its turthar paritleattoa.
(17] Pistura of aso aad oado dlaatbyl 8-aorborayl pboaphltaa
Z / ^ O H
’PÍOAfc)¿
Trlaotbjrlaalaa (30.3 fa, 0.31 aolo) aad aothaaol (3 fa, 0.31 aola) la 
300 ca^ ot otharuora addad to a aolutioa of (13| (30 ga, 0.1 aolo) la 
100 ea^ of othar at 0*C. Tho alstnra aaa atirrad for 3 boura at 0*C, 
aad thae for 4 boura at 3S*C aad flltorad to raaoaa tho aalao aalt. 
Dlatlllatloa (10 ea Vigraaus coluaa) gara tka elaar olí (0 pi, 43% 
yiald) of tho tao laoaora la a aso raudo ratlo of 4:1 (^^P Hm].
B.p. 33-70*C (1.0 aa) (Llt.^* b.p. 33-34«C (0.3-0.3 aa)].
(13] alstura of aso aad aado 3-aorborayl chloro phaayl phoaphlaoa
Cl
Tho fraahly proparod Orlgaard froa 3-ebloro aorboraaaa (0.17 aola) 
aaa addad to a aolutioa of dlehlorophaaylpboaphlao (33 0.17 aolo)
la 30 ea^ of othar at -60*C by tba aothod glaaa lo (14]. Dlatlllatlon 
(30 ea Vlgraaus coluaa) gara a elaar olí (4.8 ga, 30% ylold) of tho 
four toso r aad a; aad aado r aad a] laoaora 1a a ea. £¡2 :1 : 1 ratlo 
(’S  ion]. B.p. 133-133*C (13 aa). Pouad C • 38.31%, H-3.33%,
C13H13CLP raqulraa C-88.4%, H-8.78%.
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[191 Blatur» of >»o «ado 2-aort>ornyl 1,3-dlo»«pfce«pbol— ■
o H  6H K
. t - ¿ .  , r t >
^ pO
StkylMM (ly». ' 
(ayrin««) ovar
s . s ala) ia 10 ea af CH^Clj «•• addad
Saar ta a lehlaak raflua apparataa
ala) la 10 ca at CDCl^ at ratina. Attartaiala« [13] (1.1 ga, S.9 
addltlaa, tha aalutlaa naa ratluaad tar 34 haura, thaa eaalad ta 39*C. 
Olatlllatlaa (alara-3 apyaratna Fl^ .t.1-3) gara tha ahita aalld (1.0 ga) 
at tha tva laaaara ia aa aaa;aada ratta at Z:1 MMI). B.p. gO-94*C
(S aa). N.p. S0*C. Panad C - 97.96«, 
raqnlraa C • 99.06«, ■ • 9.13«.
.9,33«;
[301 Mlatara af aaa aad aada 3-aarharayl dlaaa a-phaaylaaa phaaphalaa
cc
'PCI.
C H j C / j
Cataahol (0.6 9.0 aaala) ta 10 ea* at Ca^Cl^ naa addad (ayrlaga)
arar 1 hear ta a gehlaak apparataa nhteh aaatataad [131 (l*^
Mala) U  10 aa* at ** ratina. Thta aalnttaa naa ratlnaad far
a tnrthar 34 hanra aad thaa eaalad ta 39*C. Oiattllattaa nadar naenna 
gana tha tno taeaara ta a ratta at aaaiaada at 3:1 [^^P MBl aa a naay 
aalid (0.7 ga, 96« ytald).
B.p. 193-196*C (13 aa), a.p. 336*C (daeeapeaad. Panad C - 66.96«;
B • 6.44« ragntrad C ■ 66.66«; B • 6.46«.
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[SI] Mixtur« oí «X« «ad «ndo 1-uorboruyl 1,3-dltlitolpfco«plwl«x««
u
'TCIj
C H .C I ,
1 .S-lthMM«ltki«l (0.5* 5.5 M O U )  U  10 ea* ot CI^Cl, «•• máó»a
(«yrli««) orar 1 hour to • 5ehl«ok «pparatn« «Mich eout«ix«d (131 
(l.l ga, 4.a HMl«) la 10 «a» of CM,C1^ «t rtflux. Til« alxtnr« «a« 
rafluxod for • furthor *4 hour«, thoa eoolotf to *5*C. Dlatlllatloa 
Tía a alero-* apparato« (Flf. 4-*) ■««« tha t«o laoaara 1a m:«ate 
ratio of 3 :1 HHI) aa a elaar liquid (1 .0 T0% plaid).
*.p. 7*<C (6 n). Pouad C - 49.4*5; 5 « S.**t raqolraa
C - 49.5*5: H - 5.9*5.
(**] Mixtura of aado «ad axo dlaathyl *-aorbomyl phoaphataa
t? ,
HO PtoH«)x
'*b OH
Horeaaphor (1.09 ga. 9.9 aaola) la 10 ca* of baaaaaa «aa addad to
d la a t h y l  pho^hlta (1.* ga, 10.9 aaola). Dlatlllatloa ^ a  alero-*
apparatua (Flg. 4-*) gara tha t«o laoaara la aa axo;«ado ratio of *:*
MMI] aa a «axy aolld (1.* ga, 5*5 plaid).
B.p. 1*5-1*T«C (10 aa) (Lit. h.p. 1*7-1S*»C (10 aa)].
(*3| Mixtura of axo aad aado dlphaayl *-aorhorayl phoaphataa
9
HQPtePiJ»
ó en ien e ^ W O P I ) .
2 6i
DtpiMBjrl pho«phlt* (S.S 10.t Mei«) follo**« by IS «rooo *f a
froakly yroparo« aataratod aolotl«« of potaaoliia aotteaido la aothaaol 
«as adda« (by tb# aotbod^* adaptad froa that tot «iMtbyl 1-aorborayl 
pboaphtto] to aoreaaohor (1 pi, 0.« b m Io ) U  10 ea* of boaaaaa. Aftar 
tba additlo« tho ■Isttuo «as eoaeaatrato« aad rafia«« la a «ehloak 
apparata aa« atlrra« for M boara. aa« tbw eoola« to as*C. Tho 
solTWt « a  oraporat*« off. DlstUlatla (10 ea Vlpzaaa eoloa) «aT* 
tba t*o loewrs la a  o»o:«««e ratio of S:S {’^P m ]  a* a «uy soli«
(3.t «a, PO» ylol«).
O.p. M*C (IS aa) (Llt.^’ b.p. 0a-«S*C (IS a)).
(ad] lao a-aerberayl pboapbalc «lehlorlda
?C/i
•OH CHC/j "^-OPCI¿
Phospbera trleblorl«« (1.0 ea* , 1« bboIo) a s  adda« (syrla««) to a 
solotlea of «ra aerbora-a-ol (a «a, 10 aaolo) la 19 ea* of CWl, la a 
«ebleab tubo. Tba alstura « a  sbaka far 90 alautas at 0*C, tbra for 
90 alaatos at aa*C, aftar «hleh tba solaat « u  «raporatad. Dlstlllatloa 
«aa* a eloar ll«ald (9.« «a, OOft ylold).
O.p. iaa*C (« aa), a.p. 189*C.
Foaad C - 90.40«; ■ -  4.04« C^^Cl^OP rofolros C - 99.40«; I  • 8.99«.
(981 Mutar* of a o  a d  aedo a-arborayl dlatbyl phoapbeaedltblata
A frasbly proparod solatia of tba Orlfard of (9] (0.17 ala) a s  
addad to a solatia of ehlerodlaotbylptaoapblaa mlphlda (17 a*, 0.108 
ala) U  lao a *  of «tbar. Dlstlllatla la a alero-8 apparatws
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(Flg. 4-3) («T* tka tvo i M M r s  Ib aa b«o;«b4o ratlo o( 3:1 Km]
M  B aolld.
K.p. 110*C (13 M). M«rratalllMtlOB frea athaaol gava a ahita salid 
aith a a.g. 1S0-133«C (aaw isoMr). [Lit.^* a.g. 143-131 «C for ths aao 
isoMr.l Posad C - 3 7 .3 3 «; g - 3 .3 « : raguiraa C - 37.43«;
1 - 3.04«.
H.3.3 7-aorhsraaayl Phoaahonta Bariaatiaaa 
(7-aorb • 7-aerhorasa7l)
(33) Kiatara of g a  aad aa^ 7-aorhoraaajl dibrcao phoaphiaaa
M
A ftaahlj groparad aolatiea ot tha Origaard of (3| (0.17 aola) asa 
addad to a aolatiea of phoaphorua tribroaido (1 1 oa*, 0.118 aolo) ia 
130 ea* of athar at -30*C. Tha aiztura aaa atinad for 3 houra at 
-30*C, aad thaa for 4 houra at 3S*C, aad filtarad to raaoaa tha K|^r^ 
Oiatillatioa gara tha too laeaara ia a ara;aati ratio of 1:3 (^^P K m  
as a eloar liguid (1.3 ga, 40« yiald).
3.p. 133*C (30 aa). Tha graat saaaitiTitp to air of thia ooopouad 
praaaatad ita furthor purifieatioa.
(37) Miatura of ara aad 3ht^ 7-aorboraaayl brcao chloro phoaphiaaa 
aad
(33) §¡u aad a a ^  7-aorboraaayl dichloro phoapbiaaa
265
Tk* Mtbod wma adaptad froa tkat of Qula^* and la doaarlkod la tka 
praparatloa of CM]> A a  Olrlcaard of [t] (O.US áalo) aaa raaetad 
oltk pkoapkorua trleklorlda (10.5 ea*, 0 .110 aolo). Matlllatloa gaao 
prodaota. Ika darlaatlao (M] gava too iaeaora la a oya;aatl
ratio of / elaar liquid (4.0 ga).
10l.p. 64*C (1 M )  (lit. b.p. g0-as«C O  a)]. Tka dorlratlva [50]
eoaalatad of too la 
liquid (1 .0  ga).
SIara la a ayataatl ratio of 4:1 [ P OW] aa a olaar
10O.p. 40*C (1 aa) (Lit. b.p. T0-70*C (3 aa)]
(••1 matara of agi aad aa^ T-aorboraaayl cbloro phaayl pboapklaaa
y ^ n o r  h  -
Iho aathod aaa daaerlbad for (10] atartlag bora with (0| (0.0 ga, 0.030 
■Ola). DlatUlatloa gara tha four laoaora la a ara ^  aad aad aa 
¿aad^ratlo of 1:1:1:3 roapoctlvaly [^^P HMg] aa a eloar liquid (3.3 
ga. 40S ylald.
O.p. 03*C (4 aa). Attaaptod aaparatloa prorod uaauceaaaful.
(00] Mixtura of a»a aad aatl T-aorboraaayl bla(dlatbylaalao) phoapklaaa
7 - . o r ¿ . / f ^ S r
c h
Tha praparatloo aaa adaptad froa that of (10] atartlag la tbla eaaa 
froa (SO] (0.0 0.03 aolo). Dlatlllatloa gava tho too laoaara in
a ara;aatl ratio of 1:2 (^^P RMI] aa a oloar liquid.
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B.p. «O^C (10 ■■). Poaad C - Ot.tn: H - 9.0W NqalrM
C - 69.M%; R - 6.10«.
[91] Mlaitiuf of «ym Mid iRtt T-aarbor— yl 1,9-61tRlol6Ro«pRola—
Sf* Stf
'7~nor6-'PCIj^
c u a ^
Th* Mtbod n a  d«acrib«d pravtoiwlp for (61) dad was rspaatad h«r*
•tartlaR In this eaa« froa (99) (1.1 9.S ■■el*). Dlatlllatlea
31Raw* tka two iaoaera la a a»a:aatl ratio of 1:3 ( P MMR) as a eloar 
liquid (0.7 ■■> 60« piold).
B.p. 6««C. Pound C - 49.64«: R - 6.91« raquiroa C - 49.69«:
R - «.99«.
[33] Riaturo of ayn aad aati T-«erboraa«yl 1,3-diCKa phoapholaaoa
7 - n o r h -  ?Oj^
OH oH
n i = i x
C / i C i
Th* Bothod oaa doaoribod for (19) atartiaf ia thia eaa* froa (96) (1.1 
ga, 6 .6 aaolo). Diatillatioa Raw* tb* two iaoaara ia a ara;aati ratio 
of 1:3 (^P HMt) aa a eloar liquid (0 .8 ga, 80« piald).
R.p. T3*C (8 ■■). Pound C - 86.69«: R - 7.94« roquiroa
C • 86.7«: B - 7.13«.
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1**1 M l K t w  ot arm mmd matt 7-»orbor— jl dlplwayl phosplilB««
7-oorli 2SkQL
Tin Orl«Mrtf of [t] (0.03 ael«) m  mM»á ! •  th* prcpwati«« of (36] 
to «lplMMl«Uoro6heaphlM (4.7 go, 0.03 oolo). DlatUlatloo (10 ea 
VlgraaiB eoloao) gavo tha too taoMra la a aya;aatl ratio of 3:1 (*^P 
am] aa a aoll4 (1 .6  ga, 16« plalO).
3.p. 1T6-18S«C (10 aa). Fona« C » 61.97«: H - 6.67« roqulroa
C - 61.99«: a - 6 .86«.
l**l Mlaturo of a g  — 0 ggtl 7-Borboraoayl dlaatayl phoaphlaaa
7norí.KI¡_
lha praparatlra aatbod oaa Oaaortbad prarioualy for [lé] atartlag kara 
froa [36] (19.6 ga, 0.1 aola). Dlattllatlea gara tha too laoaara la 
a aya:aatl ratio of 3:1 [*S aw] aa a elaar liquid (3.3 ga, 80« plaid). 
B.p. 76<C (4 aa). (Llt.^* b.p. 48-83*C (3.6 k )].
1*81 aiatura of apa aad a a ^  dlaatfcpl 7-aorboraaayl phoaphataa
'' O  . . jyO ^
I TO-«,
H O P to n iti  ^ J k
f biAztA*.
Tha aatbod oaa aa daaerlbad prarloualp for [33] aad oaa rapaatad atartlag 
la thla eaaa froa [7] (1.1 ga. 6.9 oaola). Dlatlllatloa gara tha too
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31.laoMrs la a s>a;aBtl rallo ot 1:1 [ P MKK] aa a oaay aolld (0.3S gm 
i n  ylold). B.p. 33*C (10 aa) (Llt.^* b.p. •B'C (10 aa)].
(381 ■Utara ot ara aad aatl dlpbaayl 7-aorboraaayl phoaphataa
^  V
Tho aathod waa aa doaerlbod pravloualy tor (Sil aad vaa rapealad 
alarllBC la Ihla caao froa (7] (1.1 ga, t.O aaelo). Dlallllalloa gara 
Iba loo laeaara la a ayaiaall ralle ot 1:3 (^^P MB] aa a oaay aolld 
(0.9 ga. 38t ylold). B.p. B4«C (IS aa) (Lll.^* b.p. 6B»C (IB aa)].
M-.3.4 l-adaianlrl Pboaaberaa Borloalloaa 
(1-ada - 1-adaaaalyl)
(3 7] 1-idaaaalTl dlbroae aboapblao
Ooaaorolal a-balyl lllblua la bozaao (BO.O ea* . O.IB aolo) oaa addod 
(ayrlago) lo 1-broaoadaaaalaao (40.0 ga, O.IB aolo) la 180 oa* ot albor. 
Tho alalaro oaa allrrad tor 8 houra al 38*C aad Ibaa ooolad lo -00*C 
(ehlorotorayaolld 00^ aluab). Pboapborua Irlbroalda (17.8 oa*, 0.10 
aolo) la 70 ea* ot albor oaa addod aad Iba alalaro oaa allrrad tpr 3 
boara al -80*C, aad Ibea tor 3 houra al 38*C, atlor obleb 11 oaa tlllorod 
aad Iba aoloaal ooaporalod. Tbo aolld roaldaa oaa rocryalallload troa 
olbyl aeolalo te loara a alzad produel ot 1-broaoadaaaalaao aad Iba 
pheapblaa (^^C MB]. Tbo groal aoaalllolly lo alr aad llgbl ot ibla
eoapouad prooaalod lia furlbor purltlealloa.
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C3S] !-■<— Itrl broMO ohloro pfco«p»il—  
u d
tM] l->d— «t»! élafclo»«
/-cx/a-Br
K K
- O
Th* Mtkod W M  prcTlaualy dMcrlbcd for [M] amd r«f«at«d atartUg 
la thla cas« fr«a 1-broaoaduMataa« (M.O fa, 0.093 aola). Dlstillatioa 
gava a aixtara of tka tvo ecapouada. I.p. in-133*C <S aa). Tha 
graat aaaaltialtp te alr aad llght ot tha aiatura preraatad tta 
aaparatloa aad tarther partfteatiaa.
1401 l -adaaiBtrl ciaere phaayl pfceaphlaa
p / ^ a  .
I~Q</q  - M ú 8 r
A fraah aolutiea ef tha Orlgaard raagaat (e^. 33 aaol.) aa preparad 
prerloaalr la (11] «aa addad erar 3 houra ta dlahlarophaayl pheaphlaa 
(4.3 oa* , 33 Mal.) la 100 ea* ot athar at -dO*C. Tha alatara «aa 
atlrrad at -dO*C tor 3 heura, aad thaa at 3S*C fer 4 heura. Attar 
tlltratlaa aad «vaparatloa ef tha aalraat, dlatlllatloa gara a alear 
llguld (1.3 ga, 14% plald). Thla aelldlflad at raoa taaparatara aad 
«aa nnapnaii ef a 3:1 ratla ef tha ohlare pheapl aad tha hreaa phaayl 
pheaphlaa addaeta (’^P «■]. I.p. 13S*C (10 aa). Oreat aaaaltlvlty 
te alr praraated aaparatlea aad «laaaatal aaalyala.
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(41] «tyl »l«<4l4tfcrl— lBo> plwpht—
W V£4)i
hade-Be-
(M] (C.O O.OS aol*) la 90 ea* of athar «aa addad to dlatkylaai 
(S.4 ga, 0.074 aola) la 100 ca* of atkar at -dO*C. Tfco alaturo «a 
atlrrod for 9 houra at -dO*C, aad thaa for 9 boora at 9S*C. It aa 
thoa flltorod to roaooo tho hjatoeklorlda. Dlatlllatloa (10 ea 
Vigroaaa oolnaa) gaao aa aabor liquld (9.9 ga, 401 jrlold).
9.p. lTd*C (• aa). Fouad C - OO.TOl; R > 0.90%; P - 0.901 
^li*99^9* roiulraa C - 69.011: R - 9.971; P - 9.991.
(49] r- atyl 1,9-dlcaaplwapholaao
OH OH
Á=¿H
C f iC / i
Rthploao glyool (0.4 pt, •> aaol.) la 10 ea* of CR^Cl, Oaa addad (aprlago) 
to [99] (9.1 ga, 90 aaol.) la 10 ea* of CR^Cl, la a leiaoak roflaz 
awarataa. Tho alataro waa thoa eeaeoatratod aad rofloaod for 94 hoara. 
Tho roaaltlag olí waa aloro dlatlllod to giro a ahita aolld (1.9 ga, 91 
ylold). 9 .9. 179*C (99 aa). Pooad C - 99.791; R - 9.491; P - 
19.991 Cjgl^gOg^ rogalraa C ■ 99.701: R ■ 9.491; P “ 19.991.
t«9] 1 -adaaaatpl dlcaa o-phoayloao ahoaaholaao
/-ac/a- T 3 r ¿ tgx::
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CatMkol (O.T M  MMl.) Im 10 cm* ot CB^Cl^ wma a44*d (arria««) to 
(M] (t.l os BBOl.) la 10 ea* ot CM^Cl^ la a lehlaak r«(l«a app«'- 
atva. tho alatar« vas ooacaatratad aad rafluaad <«r S4 honra. Tha 
solvaat «as «vaporstad aad tha aolld «as raerrstalllaad «Ith asthaael 
to ri*i4 1 «raa of a «aay aolld «hleh «as coaposad of tha prodaet T0% 
aad S-hroae l,S-dloas o-phlaajlaa«phospholaas 30% (^0 mn]. Oraat 
aaasltlvltr to alr aad ll«ht raqalrod Its laaMdlata osa aad praraatad 
farthar porltleatloa.
[44] 1-adaaantyl dlphaayl phoaphlaa
Tha aathod «as as dasorlbad prarloasly for (S3) aad «as «apastad 
stsrtla« la this casa froa 1-breaoadaaaataaa (T.O «a, SS.S aaela). Tha 
Orlgaard raagaat «as thaa rasotad «Ith dlpbaaylehloro phoaphla« (S.O 
ea*, SS.S asóla). Dlstlllatloo «a«a a elasr llqald (7.0 «a, 07% ylald) 
«hleh solldlflad at rooa taaparatura. S.p. 110*C (OS aa), a.p. SS0*C 
(«Ith daeoaposltlOB). Fouad C - OS.SSt; ■ - 7.S0% raqalraa
C - OS.47%: 1 - 7.00%.
(4S) 1-adaaaatyl dlaathyl phosahoaodlthloata
/ ' - Q C ^ a - M j ^ r
A frashly praparad aolutloo of tha Orlgaard (34 aaol) as praparad 
pravloasly [SS] «as sddad to a solution of thlooophosphlayl ehlorlda
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(S.S 34 BBOl) ia 100 OB* of «th«r «t -40*C. Ih* atstai« stlrrad 
for 4 houra at -M*C aad thaa for 6 hoars at I0*C. Tka alztura waa 
filtarad aad tkaa eoaeaatratad. Ia«ryatalllaatlea fr«a aathaaol gaT# 
tha para coapoaad. H.p. 1M*C <daeoapoaad). Feuad C ■ d3.1S%; B - 
0.30«: P > 13.sn C^^^BP raquiraa C - «3.18«: B - O.IM; P-13.S6%.
H-3.S 3-adaBaatrl Ptoaahoraa Darlaatlraa 
(3-ada - S-adaaaatpl)
[44] 1-adaaaatyl dlbroBO pfcoaphlaa
Z a c / a - A l jB r
Thla ooapouad waa praparad bj tha aathod outllaad for [37] oa a 0.13 
aela acala aad atartiac la thia eaaa frca S-broBoadaaaataaa. Diatlll- 
atloa gara tba llquld ecapouad. B.p. 1T4*C (1 aa>. Iba graat 
aaaaltlritjr to alr ot tbla eoapouad pravaatad ita alaaaatal aaalyaia
but Ita Idaatlty waa ooaflraad by 31.
[47] 3-ada»aatTl broBO chi oro ahoaablaa 
aad
[44] J-adaaaatyl dlobloro pboaablBa
Z 'O c / o -  M jB r fC ù
. P 6 «-Cl
,?CI^
Tba eoBpouada wara preparad by tba aatbod outllaod for [38] aad [39] oa
a 0.91 Bolo aoalo aad atarttag ia tbia eaaa froa tba 3-broBoadaaantaaa.
31Diatillatioa gara tba two eoapouada la a ratio of 1:1 [ P BMB].
B.p. 10B-11S*C (1 aa). Oraat aoaaitirity to air praroatad furtbar 
aaparatioB. 273

■«*!• «tartijig wltk {4*]. DlstUlAtioa tk* liquid product (0.7 
M f  jrlcld). I.p. 7t*C (• ■■). rouud C - U.rni ■ - T.dU; 
r - 11.M t  C rodulroc C - M.TOti ■ - 7.411«; 9 - ll.m.
(saj T~T1tT«~1Ttr <tkfccmrl pkodPklkc
Z W o - / ^ & -  »
Tkc ecvouBd m  prepared kp tkc Mtkod outltucd for {44] oa • 0.03 
■ole sedo aad stsrtlsd la tklc coso frea 1-kroaoadaasntsas. Mlero- 
dlstlllstlea paro tko eoapeiisd (• ga, 04« ylold). I.p. 10Í*C (0.1 aa). 
rowd C - oa.4««; a - 7.os« roqulros C - 01.47«; B - 7.00«.
(031 3 ^ itrl dlactkyl pkoopkato
HQPky^*. '‘OH
vas praparod bp tko aotked^* eutllaod fer (31| oa a 9.0 aad 
cedo atartlag ta tkla caso frea 3-adaaaateao. Boerpatdllaatlaa oltk 
otkpl aeotato gavo tko solld prednet (1.0 ga, 00« plold). H.p. 103*C. 
Peaad C - 00.07«; B - 0.33«; 0 - 11.03« C^glg^O^P ro«utioa C - 00.30«;
B - 0.13«; 9 - 11.90«.
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(M] dlplwnyl plwphmt«
W  Ijcr
iCoHt fb9-f>ttAe,
Th« coapo— < « M  praparad bjr tha aathod*^ ovtllaad for (IS] oa a t.t aBOl 
aeala atartlap ta this casa froa S-adaaaatoea. >aer]ratalllsatloa with 
aathaaol para tho solid prodoet (l.S pa, SOt ylald). M.p. lPt*C 
ILlt.^*. a.p. IP**C].
*il.d Othor r(Itl) Oorlratlras 
[PS] >-oliloso I.»-dloas o-pbaaylaaa phospholaaa
» O H
• OH
? C I: O '
fhosphoras trlohlorlda (94 pa, 0.6P aolo) was addod to catoehol ( M  pa,
O. 46 aola). Aitar 1 boar furtbar pbosphorus trlohlorlda (79 pa, 0.89 
aola) was addad. Iba alatura was tbaa haatsd aad stlrrad at raflas for 
3 boars. Dlstlllatloa paws tbo solid prodaet (74 pa, 94% plaid).
P. p. 91«C, a.p. 39*C ((Llt.*^ b.p. 91*C, a.p. 90*C]
[89] 1-obloro 1,3-dtoaapbospbolaaa
OH OM
h C = ^ H  +  "PCI, c : > c i
Ptbploaa plpool (140 ea*, t .8 aola) la 100 ea* of CH^C1| was addod to a 
raflUBlap solatloa of pbospboras trleblorlds (330 ea* , 3.8 aolo) la 300
ea* of CH^Clj. Tbo alstara was fartbar raflaxad for 3 hoars, thoa
ooolad to 38*C. Dlstlllatloa paws tbs llqald prodaet (170 pa, 78%
S3plaid). R.p. 40*C (13 SB), (Lit. b.p. 48.8-47.0*C (188 aa)].
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AFWWDIX 1
As pravlOMly BMtlaMA la fastlaa l.T.S allkar aaelana of tka palr 
la a hataroaaolsar sklft eorralatloa «o^arlaaat aay ba Aataetad. Thao- 
ratieally thta la traa lar tha ‘V i  palr. loaarar, aaaally tha 
aaelaaa la tha Aataatad aaa. Tha raaaaaa tor thla, avaa theufh oaa 
alght aapaet a gala la aaaaltlrlty traa tha faet that tha tlaal algaal 
aaglltaéa la tfayaadaat uyaa pagalatlaa gltfaraaea, aagaatogyrle ratlo 
aad oa fraqiiaacy af tha traaaltlaaa, ara aasaatlally yraetleal oaaa.
Thaaa ara llatad balea.
13<1) Oeaplata broad-baad aaltlad daeeapllag el tha larga C fraquaaey 
raage durlag aegslaltloa la aoa taebaleally lagnaalbla tfua to tha larga 
parar raqvlraaaats aaadag aad tha aeeeapaaylag atrasa oa tha eoll.
(1) Sappraaslaa ot protoas ahleh aro aot oooplod to fl.a. aolaaats, 
or oa groupa) aoald haaa to bo aehlarod, ahleh aay eaoao dyaaalc raage 
problaaa throogbout tha apaatraa.
(3) glaea has a aneh largar ehaalaal ahlft raage, a largar aoabar 
of t^ latorrals roold ba aaadad to aehlava alallar digital rasolatloa 
la tha tj asís. gaaea loogar doratloa to aogulro tha 10 aoataga aad 
loogar prooaaalag tlaa la aaadad.
(4) Tha dolay botraaa traaslaats la dapaadaat apea tha rdlasatlee tlaa
13of tha dataatad aaelaaa. As C ralasatlaa tlaes are aaaally largar 
tha ralasatlaa tlaos tha rapatltlea rata roold ba alorar.
(5) Tha daeay rata of tha protoa raseaaaoos hroadaaad by uaraselrad 
pretoa-protoa oorpllag la aaaally largor thaa theaa of ^^C{^l) raaeaaaeos. 
Thos a fortbar losa la soosltlrlty roold oeeor.
Por thaaa raasoos dataetloo durlag aeqolsltloa la prafarrad 
ovar dateetloa.
13 13la aaothar vela, suggastloaa oslag C laotepoaara laataad of C 
aad dataetlag tha ^g aaelaaa bava baaa propasad. Thoogh thla reuld
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